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(54) Optical pickup apparatus 

(57) tn an optical pickup apparatus for reproducing 
information from one of different kinds of optical infor- 
mation recording medium, provided with a first light 
source; a second light source; and an objective lens 
having a first aspherical surface and a second surface, 
the first aspherical surface has a first divisional surface, 
wherein a distance on the optical axis between the sec- 
ond surface and a crossing point at which a line 
extended in accordance with a formula of an aspheric 
surface from the second divisional surface intersects 
with the optical axis is determined in such a manner that 
a peak strength ratio of converged first light flux on the 
first information recording plane of the first optical infor- 
mation recording medium is not less than 0.9 and a 
peak strength ratio of converged second light flux on the 
second information recording plane of the second opti- 
cal information recording medium is not less than 0.8. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to a recording/reproducing method of optical information, wherein a light flux emitted 
from a light source Is converged on an information recording plane and optical information to be reproduced is recorded 
on an optical information recording medium, or information on the information recording plane is reproduced, to an opti- 
cal pickup apparatus, to a converging optical system and an objective lens to be used therefor, and to a method of 
designing the objective lens. 

10 [0002] In recent years, with the. practical use of a red semiconductor laser of a short wavelength, development of a 
DVD (digital video disk or called also a digital versatile disk), which is a high-density optical Information recording 
medium having a larger capacity but a size of the same degree as a CD (compact disk) which is a conventional optical 
information recording medium (also called an optical disk), has been promoted. In this DVD, the numerical aperture NA 
of the objective lens at the side of the optical disk is made to be 0.6 In the case where a short wavelength semiconductor 

15 laser of 635 nm is used. Further, a DVD has a track pitch of 0.74 jim and a minimum pit length of 0.4 ^m, and is made 
to have a high density more than twice in comparison with a CD, which has a track pitch of 1 .6 ^im and a minimum pit 
length of 0.83 jim. Moreover, in addition to the above-mentioned CD and DVD, optical disks having various standards, 
for instance, such as a CD-R (a direct read after write, writing once compact disk), an LD, an MD (miniKilsk). and an 
MO (magneto-optic disk) are merchandised and have come into general use. In Table 1 , the thickness of the transpar- 

20 ent substrate and the required numerical aperture of various optical disks are shown. 



Table 1 



Optical disk 


Thickness of transparent 
substrate (mm) 


Required numerical 
aperture N A (wavelength 
of light source X nm) 


CD,CD-R(reproducing only) 


1.20 


0.45(X,=780) 


CD-R (recording, reproducing) 


1.20 


0.50(A,=780) 


LD 


1.20" 


0.50(A,=780) 


MD 


1.20 


0.45(1=780) 


MO(ISO 3.5 inch 230 MB) 


1.20 


0.55 (X=780) 


MO(ISO 3.5 inch 640 MB) 


1.20 


0.55 (X=680) 


DVD 


0.60 


0.60(X=635) 



[0003] Besides, with regard to the CD-R, it is necessary for the light source to have a wavelength X = 780 (nm), but 
40 for the other optical disks, a light source having a wavelength other than those noted in Table 1 can be used; in this 
case, the required numerical aperture NA should be varied in accordance with the wavelength X of the light source 
used. For example, in the case of a CD. the required numerical aperture is approximated by NA = A. (iim)/1 .73, and in 
the case of a DVD, it is approximated by NA = A, (p.m)/1.06. 

[0004] Further, the numerical aperture as referred to in this specification (for example, referred to as NA1 , NA2, NAL, 
45 NAH, NA3, NA4, etc. hereinafter) means the numerical aperture of the converging optical system as seen from the 
transparent substrate side. NA1 is a numeral aperture necessary for reproducing information from or recording informa- 
tion in the first optical information recording medium and NA1 is a numeral aperture necessary for reproducing informa- 
tion from or recording information in the second optical information recording medium. 

[0005] As described in the above, it is now an age when various kinds of optical disks, which are different in the size, 
so the thickness of the transparent substrate, the recording density, the wavelength used, and so forth, are available on the 
market, and optical pickup apparatuss capable of being used for various kinds of optical disks are proposed. 
[0006] As one of them, It has been proposed an optical pickup apparatus which is equipped with converging optical 
systems corresponding to the different optical disks respectively, and the converging optical systems are switched over 
in accordance with the optical disk to be reproduced. However, in this optical pickup apparatus, a plurality of conveiging 
55 optical systems is required and it brings not only a high cost but also the necessity of a driving mechanism for switching 
over the converging optical systems; accordingly, the device is not desirable because of the complexity and the require- 
ment of the preciaon in switching over. 

[0007] Therefore, various kinds of optical pickup apparatuss which can reproduce a plurality of optical disks by using 
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a single converging optical system. 

[0008] Incidentally, in this specification, the phrase *to reproduce an optical disk", to record an optical disk' or the like 
is used in the sense 'to reproduce information in an optical disk, *to record information in an optical disk*, or the like for 
simplicity's sake. 

5 [0009] As one of them, in Japanese laid open patent H7-302437. an optical pickup apparatus, wherein the refracting 
surface of the objective lens is divided into a plurality of ring-shaped domain, and each of the divisional surface domains 
makes the beam converge on one of the optical disks having different thickness to reproduce information, is described. 
[001 0] Besides, in Japanese laid open patent H7-57271 . an optical pickup apparatus, wherein, in tiie case of the first 
optical disk with the thickness of tfie transparent substrate t1 , an objective lens designed to make the wave front aber- 

10 ration included in the converged beam not larger than 0.07X is employed, and in the case of the second optical disk hav- 
ing the thickness of the ti-ansparent substrate t2, the converged beam spot is formed in a littie defbcused state, is 
described. 

[0011] However, in the optical pickup apparatus described in Japanese laid open patent H7-302437, it is necessary 
to make the laser output large because the incident light quantity is simultaneously divided into two focal points by a 

IS single objective lens, which brings about high cost. Further, in the optical pickup apparatus described in Japanese laid 
open patent H7-57271 , Increasing of jitter owing to side lobe occurs when the reproduction of the second disk is carried 
out. In particular, because the second disk is subjected to reproduction forcibly by the objective lens which makes the 
wave front aberration not larger than 0.07?i for the first optical disk, there is a limit in the numerical aperture capable of 
reproducing the second optical disk. 

20 [001 2] Further, various kinds of optical pickups being equipped with a plurality of laser light sources corresponding to 
the wavelength to be used, wherein the laser beam is converged on a recording plane with a necessary numerical aper- 
ture by the sane objective lens, have been proposed (for example, Japanese laid open patents H8-55363, H10-92010, 
etc.). However, because of this, the structure of the optical system becomes complex, it has raised a problem such as 
that the number of parts used Is increased with it or that the performance is lowered. 

25 [001 3] The inventors have developed a special objective lens composed of a plurality of ring-shaped zones which are 
formed by dividing the whole surface Into concentric circles, wherein each of tiie ring-shaped zones is corrected for the 
aberration within the diffraction limit witii regard to each pertinent optical information recording medium by positively uti- 
lizing the spherical aberration produced owing to a plurality of light sources having different wavelength and/or the 
transparent substrates with different tiiickness of recording surface, and have previously proposed an optical pickup 

30 with a simplified structure using this objective lens (Japanese patent application H9-286954). > 
[0014] This objective lens has a function such that a necessary numerical aperture can be automatically obtained in 
accordance with the wavelength used and/or the tiiickness of the transparent substrate. However, there is a problem 
that tiie light flux from a ring-shaped zone corresponding to a different optical information recording medium has its light 
spot intensity decreased by a phase shift, and can not be utilized in recording and reproducing. 

35 

SUMMARY OF THE INVENTION 

[001 5] The above-mentioned problem can be solved by the following structure. 

[001 6] The converging optical system for an optical pickup of this invention is composed of two laser light sources with 
40 different wavelengths, a converging optical system including an objective lens for converging the laser beams from the 
light sources, and a photo-sensing element for detecting the light reflected from the recording plane, and Is an optical 
system for an optical pickup for use in recording and reproducing at least two kinds of optical Information recording 
media with different thickness of the ti-ansparent substrate. 

45 said optica! system further comprising means for dividing the light flux of the converging optical system into three 
light flux on the ring-shaped zones from the neighborhood of the optical axis to farther position, said light flux being 
successively the first, second, and the tiiird light flux from the neighborhood of the optical axis to farther position, 
wherein the first light flux is used for all of the recording media with the different thicknesses of the transparent sub- 
strate, tiie second light flux is used mainly for the recording media with a thick transparent substrate, and the third 

50 light flux is mainly for the recording media with a thin transparent substrate, 

said optical system being characterized by it that at least one of said tiiree divisional light flux has its phase shifted 
against other light flux in order that tiie light spot intensity may be raised for the two recording media which are dif- 
ferent in the wavelength and the thickness. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

5 Fig, 1 is a schematic view showing an outline of the structure of an optica! pickup of this invention. 

Fig. 2(a) is a cross-sectional view showing an objective lens schematcally. 

Fig. 2(b) is a front view of the objective lens viewing from a light source side. 

Fig. 3 is a cross-sectional view showing an objective lens schematically. 

Rgs. 4(a) to 4(f) are diagrams showing lens characteristics. 
10 Rgs. 5(a) and 5(b) are diagrams showing wave front aben-ation curve. 

Fig. 6(a) is a cross-sectional view showing an objective lens schematically. 

Rg. 6(b) is a front view of the objective lens viewing from a light source side. 

Figs. 7(a) and 7(b) are diagrams showing a relatloship between a peak intensity ratio and a phase. 

Figs. 8(a) and 8(b) are diagrams showing wave front aben-ation curve. 
75 Rgs. 9(a) and 9(b) are diagrams showing lens characteristics. 

Figs. 10(a) and 10(b) are diagrams showing a relatioship between a peak intensity ratio and a phase. 

Rgs. 1 1 (a) and 1 1 (b) are diagrams showing wave front aberration curve. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 

[0018] The generation of the above-described phase shift can be prevented favorably by a special objective lens 
equipped with a plurality of ring-shaped zones formed by concentric circles, wherein, as for each of the ring-shaped 
zones, with regard to a plurality of light sources having different wavelengths and the transparent substrates with a dif- 
ferent thicknesses, the first and the third ring-shaped zones are corrected for aben-ation within diffraction limit for the 
25 short wavelength and the thin substrate, and the second ring-shaped zone is corrected for aberration within diffraction 
limit for the long wavelength and the thick substrate or the substrate with the thickness between the thick and thin sub- 
strate. 

[0019] To state it more concretely, in the converging optical system of this Invention, the objective lens can be made 
a lens having a refracting surface composed of a plurality of ring-shaped zones formed by concentric circles on the side 
30 facing toward the light source, each of said ring-shaped zones being corrected for aberration within diffraction limit for 
a plurality of light sources having different wavelengths such as, for example, Xi for a DVD and X2 for a CD {X^ < X2). 
and/or for the transparent substrates with different thicknesses of the recording medium t-|, 13 (ti < and t^ - 12- 
Regarding the above-mentioned t^ - 12, when is let to be the thickness of the substrate for the second ring-shaped 
zone being corrected within diffraction limit, the following inequality can be established: 

35 

(t, +t2)x0.4<t3 <t2, 

or desirably 

40 (ti +t2)x0.45 ^t3 ^ t2. 

[0020] By adjusting the positions of the refracting surfaces of the respective ring-shaped zones on the optical axis, a 
desirable phase shift can be produced. 

[0021] The above-described ring-shaped zones can also be provided on the surface of the objective lens facing 
45 toward the optical information recording medium, and it can also be actualized to provide the ring-shaped retracting sur- 
face zones on the both surfaces of the objective lens. 

[0022] Further, this invention can be brought into practice by providing a phase shift portion in an optical element other 
than an objective lens such as a collimator lens. 

50 "EXAMPLE OF PRACTICE" 

[0023] In the following, this invention will be explained in detail with reference to the drawings. 
[0024] The explanation will be given with reference to Fig. 1 which is a drawing of the outline of the structure of an 
optical pickup of this invention, In this embodiment of the invention, the optical pickup apparatus has the first semicon- 
55 ductor laser 1 1 1 (wavelength X^ = 610 nm - 680 nm), which is the first light source for the reproduction of thefirst optical 
disk, and the second semiconductor laser 112 (wavelength XZ = 740 nm - 870 nm. preferably. 740 nm - 810 nm). which 
is the second light source for the reproduction of the second optical disk. Further, the composing means 19 is a means 
capable of combining the light flux emitted from the first semiconductor laser 111 and the light flux emitted from the sec- 
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ond semiconductor laser 112. and is a means for letting the both light flux come on the same optical path in order to 
converge them on the optical disk 20 through a single converging optical system. 

[0025] First, in the case where the first optical disk having the transparent substrate with the thickness t^ is repro- 
duced, the beam is emitted from the first semiconductor laser 111, and the emitted light flux is transmitted through the 

5 composing means 19, the polarizing beam splitter 12. the collimator lens 13, and the quarter-wave plate 14, and 
becomes a parallel light flux circularly polarized. This light flux is limited by tiie stop 1 7, and converged on the informa- 
tion recording plane 22 through the transparent substrate 21 of the first optical disk 20 by the objective lens 1 6. That is. 
on the information recording plane 22, a beam spot with intensity of a degree capable of recording or reproducing infor- 
mation is formed. Then tiie light flux modulated arxl reflected by the information pits on the information recording 

10 medium 22, transmitting again through the objective lens 16. tiie quarter-wave plate 14, and tiie collimator lens 13, 
enters into the polarizing beam splitter 12. Is reflected here, being given astigmatism by the cylindrical lens 18. and 
enters onto tiie photo-detector 30; tiius the read (reproduced) signal of the information recorded in the first optical disk 
20 can be obtained by using the signal outputted from the photo-detector 30. Further, the detection of focusing and the 
detection of the track are carried out by detecting the variation of the light quantity distribution based on the variation of 

IS the shape of spot on tiie photo-detector 30. On tiie basis of tiie above-mentioned detection, the two-dimensional actu- 
ator 1 5 moves tiie objective lens 16 in a way such that the light from the semiconductor laser 1 1 1 is converged on the 
information recording plane 22 of the first optical disk 20, and at the same time, it moves the objective lens 16 in a way 
such that the light from the semiconductor laser 1 1 1 is converged on tiie predetermined ti^ack. 

[0026] On the other hand, in the case where the second optical disk having the transparent substrate with the thick- 
20 ness t2 (ti < t2) is reproduced, the beam is emitted from the first semiconductor laser 112, and the emitted light flux is 
subjected to the change of optical path by the composing means 19, and tiien is transmitted through the polarizing 
beam splitter 12, tiie collimator lens 13, the quarter-wave plate 14, the stop 17, and the objective lens and is converged 
on the second optical disk. Then the light flux modulated and reflected by the information pits on the information record- 
ing medium 22. being transmitted again through the objective lens 16. the quarter-wave plate 1 4, the collimator lens 13. 
25 the polarizing beam splitter 12, and tiie cylindrical lens 18. enters onto the photo-detector 30; tiius the read (repro- 
duced) signal of tiie information recorded in the second optical disk 20 can be obtained by using the signal outputted 
from tiie photo-detector 30. Further, the detection of focusing and the detection of tiie track are canried out by detecting 
the variation of tiie light quantity distribution based on the variation of the shape of tiie spot on tiie photo-detector 30. 
On the basis of the above-mentioned detection, the two-dimensional actuator 15 moves the objective lens 16 in a way 
30 such that the light from tiie semiconductor laser 112 is converged in a defocused state on tiie information recording 
plane 22 of the second optical disk 20. and at the same time, it moves tiie objective lens 16 in a way such that the light 
from the semiconductor laser 1 12 is converged on the predetermined track. Approximately the same operation is done 
when information is recorded on tiie first optical disk or on the second optical disk. 

[0027] In the optical pickup apparatus 10 as mentioned in the above, when the first optical disk having the transparent 

35 substrate with the tiiickness t^. for example a DVD (ti = 0.6 mm), is reproduced, the objective lens 16 is driven by tiie 
two-dimensional actuator 1 5 in such a way as to form the minimum circle of confusion (best focusing). When the second 
optical disk having the substrate witii the tiiickness t2. which is different from t-i (t2 > tO. and a recording density lower 
than that of the first optical disk, for example a CD (tg = 1.2 mm) is reproduced by using this objective lens 1 6. spherical 
abenation is produced owing to the difference in the tiiickness (larger thickness) of the transparent substrate; accord- 

40 Ingly. at the position where the beam spot becomes the minimum circle of confusion (the rearward position farther than 
the near-axis image forming position), the spot size is not small enough to read (reproduce) the pits (information) of the 
second optical disk. However, at the forward position (forward focusing) which is nearer to the objective lens 16 than 
this position of the minimum circle of confusion, the size of the spot as a whole is larger than the minimum circle of con- 
fusion, but the spot is formed of a nucleus, in the central portion of which luminous flux is concentrated, and a flare por- 

45 tion around the nucleus, which is unnecessary light. By utilizing this nucleus for reproducing (reading) the pits 
(information) of the second optical disk, at the time of reproducing the second disK the two-dimensional actuator 15 is 
driven in a way such that the objective lens 16 is brought into a defocused state (fonA^ard focusing). 
[0028] In the following, it will be explained the embodiment wherein this invention is applied to the objective lens 16, 
which is one optical element of the converging optical system of tiie optical pickup apparatus 1 0, in order to reproduce 

so the first optical disk and the second optical disk, both having the substrate with different thickness, by a single converg- 
ing optical system. Fig. 2 is a cross-sectional view showing the objective lens schematically (a), and tiie front view of it 
seen from the light source side (b). In addition, tiie single dot and a dash line indicates the optical axis. Further, in this 
embodiment, tiie thickness of the transparent substrate of the first optical disk t^ is tiiinner than the thickness of the 
transparent substrate of the second optical disk t2. and information is recorded at higher density in the first optical disk 

55 than in the second optical disk. 

[0029] In this embodiment of the invention, the objective lens 16 is a convex lens having the refracting surface facing 
toward the light source SI and tiie refracting surface facing toward the optical disk S2, botii of which have a shape of 
an aspherical face and a positive refracting power. Furtiier. the retracting surface of the objective lens 16 facing toward 
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the light source S1 is composed of a plurality (three in this embodiment) of concentric divisional surfaces, namely, the 
first divisional surface Sdl - the third divisional surface Sd3. At each of the borders of the divisional sur^ces Sdl - Sd3. 
a step is provided to form the respective divisional surfaces Sdl - Sd3. This objective lens 16 has a structure such that 
the light flux passing through the first divisional surface Sd1 including the optical axis (the first light flux) is utilized for 

5 reproducing the information recorded in the first optical disk and in the second optical disk, and the light flux passing 
through the second divisional surface Sd2 which is farther from the optical axis than the first divisional surface Sdl (the 
second light flux) is utilized mainly for reproducing the information recorded in the second optical disk, and the light flux 
passing through the third divisional surface SdS which is farther from the optical axis than the second divisional surface 
Sd2 (the third light flux) is utilized mainly for reproducing the information recorded in the first optical disk. 

10 [0030] In the above description, the word "mainly" means that, in the case of the light flux passing through the second 
divisional surface Sd2. the ratio of the energy of the nucleus portion at the position where the central intensity of the 
beam spot becomes maximum on the condition that the light flux passing through the third divisional surface SdS is 
intercepted, to the energy of the nucleus portion at the position where the central intensity of the beam spot becomes 
maximum on the condition that the light flux passing through the third divisional surface SdS Is not intercepted ("nucleus 

15 energy in the light shielding stateTnucIeus energy in the no light shielding state") falls within the range of 60% to 1 00%. 
Further, also in the case of the light flux passing through the third divisional surface Sd3, it means that the ratio of the 
energy of the nucleus portion in the state of light shielding to the energy of the nucleus in the state of no light shielding 
(" nucleus energy in the light shielding stateTnucIeus energy in the no light shielding state") falls within the range of 
60% to 100%. In addition, in order to measure this energy ratio simply, in the respective cases. It is proper simply to 

2C measure the peak intensity in the beam spot Ip and the beam diameter Dp (defined by the position where the intensity 
becomes e'^ to the central intensity) at the position where its central intensity becomes maximum, to obtain the product 
Ip X Dp for the reason that the shape of the beam is approximately constant, and to compare the results. 
[0031 ] As described in the above, by utilizing the first light flux in the neighborhood of the optical axis of the converging 
optical system for the reproduction of the first disk and the second disk, the secorxi light flux which Is farther from the 

25 optical axis than the first light flux mainly for the reproduction of the second optical disk, and the third light flux which is 
farther from the optical axis than the second light flux mainly for the reproduction of the first optical disk, it becomes pos- 
sible to reproduce a plurality (two in this embodiment) of optical disks by a single converging optical system, while the 
loss of the light quantity from the light source is suppressed. On top of that, most part of the third light flux is unneces- 
sary at the time of reproducing the second optical disk in this case, but this unnecessary light is not utilized for the repro- 

30 duction of the second optical disk; hence, the reproduction can be performed only by making the stop 17 be at the 
numerical aperture to be required for the reproduction of the first optical disk, with no means for changing the numerical 
aperture of the stop 17 needed. 

[0032] To state it more in detail, the objective lens 16 in this embodiment converges the first light flux and the third 
light flux which pass through the first divisional surface Sdl and the third divisional surface SdS respectively (light flux 
35 shown by the oblique lines) on positions which concide or approximately concide with each other, one of said positions 
being a first image forming position, and the wave front aberration (wave front aberration with the second light flux pass- 
ing through the second divisional surface Sd2 excluded) is not larger than O.QTX^ rms. Desirably, it should be not larger 
than 0.05X.1 rms. Here, a,i is the wavelength of the light source. 

[0033] Further, at this time, the second light flux passing through the second divisional surface Sd2 (light flux shown 
40 by the broken lines) converges on the second image forming position which is different from the first image forming posi- 
tion. Supposing that the first image forming position is at zero, the objective lens side of it is negative, and its reverse 
side is positive, this second image forming position should be at a distance from -40 fim to -4 ^m, or desirably from -27 
fxm to -4 ixm from the first image forming position (the second image forming position is made to be closer to the objec- 
tive lens than the first image forming position). Owing to this, the reproduction of the first optical disk is carried out 
45 mainly by the first light flux and the third light flux. Further, if the distance exceeds this lower limit (-40 ^m), the spherical 
aberration is corrected in excess, and the spot shape at the time of reproducing the first optical disk becomes bad; if 
the distance exceeds the upper limit (-4 ^m), the spot diameter and the side lobe becomes large at the time of repro- 
ducing the second optical disk. Furthermore, in this embodiment, because t1 < t2 and NA1 > NA2, the second Image 
forming position is made to be at a distance from -40 \irr\ to -4 ^m, or desirably from -27 jxm to -4 \im from the first image 
so forming position; however, in the case where t1 > t2 and NA1 > NA2, the second image forming position should be at a 
distance from 4 fim to 40 jim, or desirably from 4 ^m to 27 jim from the first image formjng position. That is. the absolute 
value of the distance between the first image forming position and the second image forming position should be within 
the range of 4 )jm to 40 ^im, or desirably 4 ^m to 27 ^im. 

[0034] Further, when the above-mentioned objective lens 1 6 is used for reproduction of the second optical disk having 
55 the transparent substrate with the predetermined thickness (t2 = 1.2 mm), as shown in Fig. 3, in the case of the prede- 
termined light flux (parallel light flux) incident on the objective lens 16. the rays of the second light flux (shown by the 
oblique lines drawn from upper left to lower right) intersect the optical axis (forming an image) at the position between 
the position where the rays passing through the neighborhood of the optical axis among the first light flux (shown by the 
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oblique lines drawn from lower left to upper right) intersect the optical axis, and the position where the rays passing 
through the edge portion of the first divisional surface Sdl (border to the second divisional surface Sd2) intersect the 
optical axis. Therefore, the first light flux and the second light flux converge in the close vicinity of the information record- 
ing plane of the second optical disk, and the reproduction of the second optical disk is carried out. At this time, the third 
5 light flux (shown by the broken lines halfway) is generated as a flare, but the reproduction of the second optical disk is 
possible by the nuclei formed by the first light flux and the second light flux. 

[0035] In other words, in this invention, the first light flux with small numerical aperture passing through the neighbor- 
hood of the optical axis is utilized for all the optical disks that can be reproduced: further, the light flux passing through 
the farther zone from the optical axis than the first divisional surface is divided in such a manner as to correspond to 

10 each of the optical disks to be reproduced, and the respective light flux formed by dividing are utilized for the reproduc- 
tion of the respective optical disks (the first and second optical disks in this en*odiment). At this time, the light flux uti- 
lized for the reproduction of the optical disk requiring the larger numerical aperture for the reproduction of the 
information recorded in the optical disk (the first optical disk in this embodiment) should be the one that is apart from 
the first light flux (the third light flux in this embodiment) out of the light flux formed by dividing. 

15 [0036] By using such a converging optical system (the objective lens 16 in this embodiment), it is possible to repro- 
duce a plurality of optical disks having the transparent substrate with different thicknesses by a single converging optical 
system; further, because the recording plane can be set arbitrarily the numerical aperture required for the reproduction 
of the second optical disk NA2 can be made large. Moreover, by utilizing the light flux in the neighborhood of the optical 
axis (the first light flux) for the reproduction of a plurality of optical disks, the loss of light quantity of the light flux from 

20 the light source is reduced. On top of that at the time of reproducing the second optical disK the side lobe of the beam 
spot is decreased to form a nucleus with strong beam intensity; thus, a precise information can be obtained. Further- 
more, a plurality of optical disks can be reproduced by a single converging optical system with no special means for 
changing the numerical aperture of the stop 17 required. 

[0037] Further, in this embodiment, with regard to the central position of the second divisional surface Sd2 in the 

25 direction perpendicular to the optical axis (refer to Fig. 2(a)), the angle between the normal line to the second divisional 
surface Sd2 which is the surface from the numerical aperture NALto the numerical aperture NAH and the optical axis 
should be larger than the angle between the normal line to the surface interpolated from the first divisional surface Sdl 
which is the surface from the optical axis to the numerical aperture NAL and the third divisional surface SdS which is 
the surface from the numerical aperture NAH to the numerical aperture NA1 (an aspherical surface obtained from fitting 

30 i;y least square method using the equation of the aspherical surface expressed as the equation (1) to be described 
later) and the optical axis. Owing to this, it is possible to reproduce satisfactorily both of the first optical disk and the sec- 
ond optical disk In addition, in this embodiment, because t2 > t1 and NA1 > NA2, the angle between the normal line to 
the second divisional surface Sd2 and the optical axis should be larger than the angle between the normal line to the 
surface interpolated from the first divisional surface Sd1 and the third divisional surface SdS and the optical axis, but in 

35 the case where t2 < t1 and NA1 > NA2, it is proper to make it smaller. 

[0038] Further, in this embodiment of the invention, it is desirable that the first divisional surface Sdl - the third divi- 
sional surface SdS are determined in a manner such that, with regard to the approximately central position of the sec- 
ond divisional surface Sd2 in the direction perpendicular to the optical axis (refer to Fig. 2(a)). the difference between 
the angle made by the normal line to the second divisional surface Sd2 and the optical axis and the angle made by the 

40 normal line to the surface interpolated from the first divisional surface Sdl and the third divisional surface Sd3 (an 
aspherical surface obtained from fitting by least square method using the equation of the aspherical surface expressed 
as the equation (1) to be described later) and the optical axis falls within the range of 0.02** to 1.0**. It the difference 
exceeds this lower limit, the spot shape at the time of reproducing the second optical disk becomes worse, and the side 
lobe spot diameter becomes larger; if the difference exceeds the upper limit, the spherical aberration is corrected in 

45 excess, and the spot shape at the time of reproducing the first optical disk becomes worse, 

[0039] Further, to grasp this embodiment of the invention from another point of view, in the objective lens 16 having 
a plurality of divisional surfaces (three divisional surfaces in this eniDOdiment) formed by dividing at least one of its sur- 
faces by concentric circles with regard to the optical axis, on the condition that the light which has passed through the 
first divisional surface Sd1 which is nearer to the optical axis than the second divisional surface Sd2, and the light which 

so has passed through the third divisional surface SdS which is positioned at the reverse side of the second divisional sur- 
face Sd2 against the optical axis are let to have approximately the same phase, through the transparent substrate with 
the predetermined thickness (the first optical disk), and let the phase difference between the light which has passed 
through the first divisional surface Sdl and the transparent substrate and the light which has passed through the portion 
of the second divisional surface Sd2 which is to the optical axis side of the approximately central position of the second 

55 divisional surface Sd2 in the direction perpendicular to the optical axis (refer to Fig. 2(a)) be (A1 L)7r (rad). and the phase 
difference between the light which has passed through the third divisional surface SdS and the transparent substrate 
and the light which has passed through the portion of the second divisional surface Sd2 which is to the reverse side of 
the above-mentioned central position against the optical axis and the transparent substrate be (A1H)7c (rad), then fol- 
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lowing inequality (A1 H) > (A1 L) is established, In this case, the sign of the phase difference is let to be positive for the 
direction of progressing of the light (the direction to the optical disk), and the phase differences for the light which has 
passed through the second divisional surface Sd2 and the transparent substrate against the light which has passed 
through the first divisional surface Sd1 or the third divisional surface Sd3 and through the transparent substrate are 
5 compared. Further, in this embodiment, because t1 < t2 and NA1 > NA2, the inequality (A1 H) > (A1 L) should be estab- 
lished, but in the case where t1 > t2 and NA1 > NA2. the inequality (A1H) < (AIL) should be established; accordingly 
(AIH);^ (AIL). 

[OO40] To State this from another point of view, the difference in surface le\^el from the third divisional surface Sd3 at 
the border of the third divisional surface Sd3 and the second divisional surface Sd2 is larger than the difference in sur- 

10 face level from the first divisional surface Sd1 at the border of the first divisional surface Sd1 and the second divisional 
surface Sd2 (The sign of the difference in surface level is let to be positive to the direction in which the refractive index 
varies from a smaller value to a larger value at the retracting surface as the border. Further, hereinafter, the sign of the 
difference of surface level will be determined in the same way.) In the sane way as the above-described, also in this 
case, in the case where t1 > t2 and NA1 > NA2. the above-mentioned relationship Is reversed, that is, the difference in 

75 surface level of the second divisional surface Sd2 from the third divisional surface Sd3 is smaller than the difference in 
surface level of the second divisional surface Sd2 from the first divisional surface Sd1 . Further, it is desirable that, if the 
difference between the position of the surface interpolated from the first divisional surface and the third divisional sur- 
face and the position of the second divisional surface sd2 is taken with regard to an arbitrary position from the optical 
axis, it varies asymmetrically with regard to the approximately central position of the second divisional surface sd2. Fur- 

20 thermore. in this case, it is desirable that the difference becomes larger with the distance from the optical axis, 

[0041] In addition, in this embedment of the invention, the divisional surfaces Sd1 - SdS are provided on the refracting 
surface SI of the objective lens 16 facing the light source SI . but it is proper to provide them on the refracting surface 
facing toward the optical disk 20, or it may be appropriate to let any one of the optical elements of the converging optical 
system (such as a collimator lens 13, for example) have such a function; further, It may be proper to provide a new opli- 

25 cal element having such a function on the optical path. Besides, it may be appropriate to provide the functions of the 
respective divisional surfaces Sd1 - Sd3 separately in the different optical elements. 

[0042] Further, in this embodiment, it is employed the objective lens which is a lens of what is called an infinite system 
using a collimator lens 13; however, it is possible that an objective lens into which a divergent light flux from the light 
source enters directly without the collimator lens 1 3 or through a lens reducing the degree of divergence of the divergent 
30 light flux, or an objective lens into which the convergent light flux formed by using a coupling lens which converts a light 
flux from the light source into a convergent light flux is employed. 

[0043] Further, in this embodiment, a step portion, that is, a difference in surface level is provided between each of 
the borders of the first divisional surface Sd1 - the third divisional surface SdS; however, it is possible to form the divided 
surface with at least one of the borders formed continuously without providing the step. In other case, it is possible that 
35 the border between the divisional surfaces are joined, for example, by a surface with a predetermined radius of curva- 
ture without bending the kxsrder surface. This curvature may be the one that is provided intentionally or unintentionally. 
An example of this unintentionally provided curvature is the curvature at the border formed in processing the metallic 
mold for forming the objective lens 16 with a plastic material etc. 

[0044] Further, in this embodiment, the refracting surface 81 is composed of the three divisional surfaces Sdl - Sd3, 
40 but it should be composed of at least three or more divisional surfaces, the number of divisional surfaces being not lim- 
ited to three. In this case, it is desirable that the first divisional surface, which is utilized for the reproduction of the first 
optical disk and the second optical disK is provided In the nelghtx)rhood of the optical axis, and regarding the divisional 
surfaces which are positioned at outer part (the direction farther from the optical axis) of this first divisional surface, the 
divisional surfaces to be utilized mainly for the reproduction of the second optical disk and the divisional surfaces to be 
45 utilized mainly for the reproduction of the first optical disk are provided alternately. Further, in this case, the divisional 
surfaces which are utilized mainly for the reproduction of the second optical disk should desirably be provided between 
the numerical aperture NA3 and the numerical aperture NA4 on the optical disk side of the objective lens 16. the aper- 
tures NA3 and NA4 satisfying the conditions 0.60(NA2) < NA3 < 1.3(NA2) and 0.01 < NA4 - NA3 < 0.12 . Owing to 
this, for the second optical disk, an optical disk requiring a larger numerical aperture can be reproduced, without 
50 decreasing the intensity of the light spot to be converged on the first optical disk. Furthermore, it is desirable in practical 
use that the upper limit of NA3 satisfies the inequality NA3 < 1 .1 (NA2), and it is desirable that the lower limit of NA3 
satisfies the inequality 0.80(NA2) < NA3. further in practical use. 0.85(NA2) < NA3. Further, it is desirable that the upper 
limit of NA4 - NA3 satisfies the inequality NA4 - NA3 < 0.1 . 

[0045] Further, in this embodiment, on the refracting surface of the objective lens 16 facing toward the light source, 
55 the second divisional surface Sd2 is provided In a ring shape formed by concentric circles with regard to the optical axis; 
however, the shape is not limited to a ring, but may be a broken ring. Further, the second divisional surface Sd2 may be 
made up of a hologram or a Fresnel lens. In addition, in the case where the second divisional surface Sd2 Is made up 
of a hologram, one of the light flux fbnned by dividing the original light flux into the zeroth order light and the first order 
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light is utilized for the reproduction of the first optical disk and the other is utilized for the reproduction of the second opti- 
cal disk. At this time, it is desirable that the light quantity of the light flux utilized for the second optical disk is larger than 
the light quantity of the light flux utilized for the reproduction of the first optical disk. 

[0046] Further, in this embodiment, the reproduced signal from the second optical disk is made satisfactory by it that 
5 not only the condition that, when the first optical disk is reproduced (that is. when the light passes through the transpar- 
ent substrate with the thickness t1), the best wave front aberration by the light flux passing through the first divisional 
surface Sdl and that passing through the third divisional surface Sd3 is O.OIX^ rms or desirably 0.05X,i rms (where Xi 
(nm) is the wavelength of the light source used at the time of reproducing the first optical disk), but also the condition 
that, when the second optical disk is reproduced (that is, when the light passes through the transparent substrate with 
10 the thickness t2). the best wave front aberration by the light flux passing through the first divisional surface Sd1 is 0.07X.2 
rms or desirably 0.05^2 rms (where X2 (nm) is the wavelength of the light source used at the time of reproducing the 
second optical disk) is satisfied. 

[0047] In the following, from another point of view, the explanation will be given with reference to Fig. 4 which is a 
drawing showing the spherical aberration of the objective lens 16. In Fig. 4, (a) is a drawing of the spherical aberration 

IS when the first optical disk is reproduced, that is. when reproduction is carried out through the transparent substrate with 
the thickness tl . and (b) is a drawing of the spherical aberration when the second optical disk is reproduced, that is, 
when the reproduction is carried out through the transparent substrate with the thickness t2 (t2 > tl in this embodiment). 
Now, let NA1 be the numerical aperture of the converging optical system at the optical disk side required for the repro- 
duction of the information in the first optical disk, NA2 be the numerical aperture of the converging optical system at the 

20 optical disk side required for the reproduction of the information in the second optical disk (where NA2 >.NA1). NAL be 
the numerical aperture at the optical disk side of the light flux passing through the border between the divisional sur- 
faces Sdl and Sd2 of the objective lens 16. and NAH be the numerical aperture at the optical diskskJe of the light flux 
passing through the border between the divisional surfaces Sd2 and Sd3 of the objective lens 16. 
[0048] Regarding the objective lens 16, first, the first aspherical surface of the first refracting surface Si and the sec- 

25 ond retracting surface 82 (common retracting surface) are designed in such a manner as to make the best wave front 
aben^ation of the light flux converged on the first optical disk having the transparent substrate with the thickness tl equal 
to or less than O.OTX^ rms or desirably O.QSX^ rms. Fig. 4(c) is the drawing of the spherical aberration obtained by this 
design. Further, the second aspherical surface of the first retracting surface 81 is designed with the second refraction 
surface 82 (common refracting surface) left as it is in such a manner as to make the spherical aberration less than the 

30 spherical aberration (Fig. 4(e). t2 > t1 in this case) produced when tiie light flux is converged on the second optical disk 
having the transparent substrate with the thickness \2{t2^\^) through the lens having this first aspherical surface. At 
this time, it is favorable to make the paraxial radius of curvature of the second aspherical surface and the paraxial radius 
of curvature of the first aspherical surface the same for the purpose of making a good reproduction of the second optical 
disk which is subjected to reproduction in the defocused state. The graph of the spherical aberration of the lens 

35 obtained by this design at the time when the light flux Is converged on the second optical disk is shown in Fig. 4(f). and 
the graph of the aberration at the time when the light flux is converged on the first optical disk by this lens is shown in 
Fig. 4(d). Then, the second aspherical surface is combined in the neighborhood of the numerical aperture of the first 
aspherical surface NA2 required for the second optical disk. In the above, it is desirable that the neighborhood of the 
required numerical aperture N A2 where the second aspherical surface is combined is between the numerical aperture 

40 N A3 and the numerical aperture NA4 of the objective lens 1 6 at the optical disk side, which satisfy not only the condition 
0.60(NA2) < 1.3{NA2) (This lower limit 0.60(NA2) should desirably be 0.80(NA2) in practical use or more desirably 
0.85(NA2), and this upper limit 1.3(NA2) should desirably be 1.1 (NA2) in practical use.) but also the condition 
0.01 < NA4 - NA3 <0.12 (desirably 0.1). In this combined second aspherical surface (second divisional surface), the - 
edge near the optical axis is let to have the numerical aperture NAL and the farther edge from the optical axis is let to 

45 have the numerical aperture NAH (that is, NAL < NAH). 

[0049] Accordingly, regarding the shape of the surface in the refracting surface 81 of the objective lens 16, the first 
divisional surface Sdl including the optical axis and the third divisional surface Sd3 which is positioned farther from the 
optical axis than the first divisional surface Sdl have the same aspherical shape (the first aspherical surface), and the 
second divisional surface which is positioned between the first divisional surface Sdl and the third divisional surface 

so Sd3 (in the neighborhood of the numerical aperture NA2 required for the reproduction of the second optical disk, that 
is. from NAL to NAH) has a different aspherical shape from the first divisional surface Sdl and the third divisional sur- 
face Sd3 (the second aspherical surface). The obtained lens is the objective lens 1 6 of this embodiment of the invention; 
the graph of the spherical aberration at the time when the light flux is converged on the first optical disk by using this 
objective lens 16 is shown in Fig. 4(a), and the graph of the spherical aberration at the time when the light flux is con- 

55 verged on the second optical disk by using this objective lens 16 is shown in Rg. 4(b). 

[0050] Moreover, it is possible to make it larger the light quantity of the converged light flux at the time of reproducing 
the first optical disk, by utilizing the phase difference produced by combining the first divisional surface and the second 
divisional surface, with the second divisional surface 8d2 a little shifted in the direction of the optical axis when they are 
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combined. 

[0051 ] In this embodiment of the invention, the equation of the aspherical surface is based upon the following expres- 
sion: 

(Please insert here the mathematical expression in [M1] in the Japanese original with a comma.) 

5 where X is an axis in the direction of the optical axis and H is an axis in the direction perpendicular to the optical axis, 
with the direction of the progressing of light made positive, r is the radius of curvature in the neighborhood of the optical 
axis. K is the cone coefficient. Aj is the aspherical coefficient, and Pj is the number of the power of the aspherical sur- 
face (where Pj ^ 3). Further, in this invention, an equation of the spherical surface other than the above-described one 
may be used. In obtaining the equation of the spherical surface from the shape of the aspherical surface. Pj is substi- 

70 tuted by a natural number as 3 ^ Pj < 1 , and K is substituted by zero as K = 0 in the above equation. 

[0052] As described in the above, the objective lens 16 obtained in this embodiment has a structure such that the 
spherical aberration varies discontinuously at at least two numerical aperture positions (NAL and NAH) in the neighbor- 
hood of the numerical aperture NA2, in order that a plurality of optical disks having the transparent substrate with dif- 
ferent thicknesses may be reproduced by a single converging optical system. Because the lens is made to have a 

75 structure such that the spherical aberration varies discontinuously as described in the above, the light flux (in this 
embodiment, the first light flux - the third light flux) passing through the respective ranges of the numerical apertures (in 
this embodiment, the first divisional surface from the optical axis to NAL, the second divisional surface from NAL to 
NAH. and the third divisional surface from NAH to NA1) can be made up arbitrarily; hence, it becomes possible that the 
first light flux is utilized for the reproduction of all the optical disks to be reproduced, and the second light flux and the 

20 third light flux are utilized for the predetermined optical diekout of the plural optical disks respectively, and a plurality of 
optical disks can be reproduced by a single converging optical system (the objective iens 16 in this embodiment); thus 
the optical pick up can be actualized at a low cost and without a complex structure, and further, it can cope with an opti- 
cal disk requiring a high numerical aperture. On top of that, the stop 17 is provided in such a manner as to correspond 
to only NA1. which Is the highest numerical aperture, and any means for varying the stop 17 is needed even if the 

25 numerical aperture required for the reproduction of the optical disk varies (to NA1 or to NA2). In addition, the sentence 
"the spherical aberration varies discontinuously" in this invention means that an abrupt variation is observed as seen in 
the graph of the spherical aberration. 

[0053] Further, regarding the direction of the discontinuous variation of the spherical aberration, when observed from 
the smaller numerical aperture to the larger numerical aperture, the spherical aberration varies in the negative direction 

30 at the numerical aperture NAL, and in the positive direction at the numerical aperture NAH. Owing to this, the reproduc- 
tion of the optical disk having the thin transparent substrate with the thickness t1 is made satisfactory, and at the same 
time, tiie reproduction of the optical disk having the tiiick transparent substrate with the thickness t2 can be carried out 
satisfactorily. In addition, because t2 > t1 and NA1 > NA2 in this embodiment, the spherical aberration varies discontin- 
uously in the negative direction at the numerical aperture NAL and in the positive direction at the numerical aperture 

35 NAH as described in the above, but in tiie case where t2 < t1 and NA1 > NA2, tiie spherical aberration varies discon- 
tinuously in the positive direction at the numerical aperture NAL and in the negative direction at the numerical aperture 
NAH. 

[0054] Further, in reproducing the second optical disk having the transparent substrate with the thickness t2, the S 
figure characteristic of the optical pickup apparatus 10 is improved by making It positive the spherical aberration from 
40 the numerical aperture NAL to the numerical aperture NAH (the spherical aben-ation of tiie light flux passing through 
the second divisional surface Sd2). In addition, because t2 > tl and NA1 > NA2 in this embodiment, the spherical aber- 
ration from the numerical aperture NAL to tiie numerical aperture NAH is made to be positive, but in the case where t2 
< tl and NA1 > NA2, it is proper to make the spherical aberration negative. 

[0055] Further, in the case of reproduction through the transparent substrate with the thickness tl (refer to Fig. 4(a)), 
45 by making it less than O.OIX^ rms or desirably 0.05A,i rms (where is the wavelength of the light source) the wave front 
aberration by the light flux excluding the one passing through the surface from NAL to NAH out of the light flux with the 
numerical aperture NA1 , that is, the light flux passing through the surfaces from the optical axis to NAL and from NAH 
to NA1 , the reproduction of the first optical disk having the substrate with the thickness tl is made satisfactory. 
[0056] Further, if t1 = 0.6 mm, t2 = 1 .2 mm, 610 nm < < 680 nm, 740 nm < X2 < 870 nm. preferably, 740 nm < 
50 < 810 nm, and 0.40 < NA2 < 0.51, it is desirable that the condition 0.60(NA2) < NAL < 1.3(NA2) is satisfied (this lower 
limit 0.60(NA2) should desirably be 0.80(NA2), or more desirably 0.85(NA2) in practical use. and the upper limit should 
desirably be 1 . 1 (NA2)). If NAL exceeds tiie lower limit, the side lobe becomes too large to make a precise reproduction 
of the information, and if NAL exceeds the upper limit, the light flux is limited too more in excess to produce the spot 
diameter of diffraction limit estimated at the wavelength X2 and tiie numerical aperture NA2. In addition. NAL referred 
55 to in the above indicates the NAL on the second divisional surface Sd2 at the time when tiie second light source 1 12 is 
used. 

[0057] Furtiier, it is desirable tiiat tiie condition 0.01 < NAH - NAL < 0.12 is satisfied (this upper limit 0.12 should 
desirably be 0.1 in practical use). It it exceeds this lower limit, tiie spot shape at tiie time of reproducing tiie second opti- 
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cal disk becomes worse, and the side lobe spot diameter becomes larger; if it exceeds the upper limit, the spot shape 
at the time of reproducing the first optical disk is made disordered to bring about the decrease of the light quantity. In 
addition, NAL and NAH referred to in the above Indicate the NAL and NAH on the second divisional surface in the case 
where the second light source 112 is used. 

5 [0058] Further, at the time of reproducing the second optical disk (at the time of reproduction through the transparent 
substrate with the thickness t2). It is desirable that the condition that the spherical aberration for the range from the 
numerical aperture NAL to the numerical aperture NAH is from - 2(X2/{NA2)2 to 5(^2)ANA2)2 is satisfied. Further, this 
condition should desirably be such that said spherical aberration is equal to or smaller than 3(X2)/(NA2)^ at the time of 
reproduction, and considering the recording (reproduction can also be made, of course), said aberration should desir- 

70 ably be larger than zero, if the aberration exceeds this lower limit, the spherical aberration is corrected in excess to 
make it worse the spot shape at the time of reproducing the first optical disK and if it exceeds the upper limit, the spot 
shape at the time of reproducing the second optical disk is made worse, and the side lobe spot diameter becomes 
larger. In particular. It is more desirable that this condition is such that said aberration falls within the range from 0 to 
2(A.2y(NA2)2. and if it is satisfied, the focus error signal can be satisfactorily obtained. 

75 [0059] Further, to state it from another point of view, the alx)ve-described NAL and NAH are provided (that is. the divi- 
sional surface utilized mainly for the reproduction of the second optical disk is provided) between the numerical aperture 
NA3 and the numerical aperture NA4 of the objective lens 1 6 at the optical disk side, which satisfy not only the condition 
that 0.60(NA2) < NA3 < 1.3(NA2) (this lower limit 0.60(NA2) should desirably be 0.80(NA2). or more desirably 
0.85(NA2) in practical use. and the upper limit should desirably be 1.1 (NA2)) but also the condition that 

20 0.01 <NA4 - NA3 < 0.12 (desirably 0.1). Owing to this, for the second optical disk, an optical disk requiring ^ larger 
numerical aperture can be reproduced, without lowering the intensity of the light spot converged on the first optical disk. 
[0060] Further, it is desirable that the angle made by the normal line to the retracting surface SI of the objective lens 
16 and the optical axis varies by an amount from 0.05° to 0.5° between the circumferential positions of said refracting 
surface S1 corresponding to the two aperture positions in the neighborhood of the numerical aperture NA2 (NAL and 

25 NAH). If the difference exceeds this lower limit the spot shape at the time of reproducing the second optical disk 
becomes worse, and the side lobe spot diameter becomes larger: If it exceeds the upper limit, the spherical aberration 
is corrected in excess, making the spot shape at the time of reproducing the first optical disk worse. 
[0061] In particular, in the case where t2 > t1 and NA1 > NA2, as seen in the direction from the optical axis to the 
circumference, at the numerical aperture NAL. the point where the normal line to the refracting surface intersects the 

30 optical axis shifts discontinuously to the nearer direction to the retracting surface facing toward the light source, and at 
the numerical aperture NAH. the point where the normal line to the retracting surface Intersects the optical axis shifts 
discontinuously to the farther direction from the retracting surface facing toward the light source. Owing to this, the 
reproduction of the optical disk having the thin transparent substrate with the thickness t1 is made satisfactory, and the 
reproduction of the optical disk having the thick transparent substrate with the thickness t2 can also be performed sat- 

35 isfactorily. 

[0062] Further, the wave front abenation of the objective lens 16 of this embodiment Is the one as shown In Fig. 5. 
Fig. 5 shows the wave front aberration curve with the wave front aberration {X) taken for the ordinate and the numerical 
aperture taken for the abscissa; (a) shows the wave front aberration at the time when the transparent substrate of the 
first optical disk (thickness tl ) is in the optical path, and (b) shows that at the time when the transparent substrate of the 

40 second optical disk (thickness t2) is in the optical path with a solid line respectively. In addition, this wave front aberra- 
tion curve is obtained by measuring the wave front aberration using an interferometer or the like, on the condition that 
the wave front aberration becomes best when each of the transparent substrate is in the optical path. 
[0063] As is understood from the drawing, regarding the objective lens 16 of this embodiment, the wave front aberra- 
tion, as observed in the wave front aberration curves, becomes discontinuous at the two points in the neighborhood of 

45 the numerical aperture NA2 (namely, at NAL and NAH). Further, it is desirable that the maximum amount of discontinu- 
ity of the wave front aberration produced at the points where the curve is discontinuous, if it is expressed it in the unit of 
length (mm), is equal to or smaller than 0.05(NA2)2 (mm), or If it Is expressed in the unit of phase difference (rad), it is 
equal to or smaller than 27i(0.05(NA2)2 )ix (rad) (where X is the used wavelength in mm unit). If it becomes larger than 
this, the fluctuation of the wave front aberration with the fluctuation of the wavelength becomes too large to absorb the 

so dispersion of the wavelength of the semiconductor laser. Further, the inclination of the wave front aberration curve in 
this discontinuous portion (between NAL and NAH) is different from the Inclination of the straight line connecting the 
end points of the curves in both sides of the discontinuous portion (the end point nearest to NAL and the end point near- 
est to NAH). 

[0064] Further, the Invention should not be confined to the contents described in this embodiment, that is. that the 

55 divisional surfaces Sd1 - Sd3 are provided on the retracting surface SI of the objective lens 16. that an objective lens 
of an infinite system is employed, that a step is provided on the divided surface, the number of the divisional surfaces, 
the shape of the second divisional surface, and so forth. 

[0065] Further, in this embodiment, the first light source 1 1 1 and the second light source 1 12 are combined by the 
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composing means 19; however, the invention should not be limited to this, and it is possible that, in the optical pickup 
apparatus shown in Fig. 1 . the light source 1 1 (referred to either light source) is switched over between the first light 
source 111 and the second light source 112. 

[0066] Further, regarding the objective lens 16 in this embodiment, when the applicant employed it in the optical 

5 pickup apparatus shown in the embodiment described in the foregoing through an error, surprisingly, the reproduction 
of a CO as the second optical disk, in addition to the reproduction of a DVD as the first optical disk as a matter of course, 
could be performed with the light source having the same wavelength. That is. the objective lens 16 of this embodiment 
can converge a light flux on the first optical information recording medium having the transparent substrate with the 
thickness t1 and on the second optical information recording medium having the transparent substrate with the thick- 

10 ness t2 (where t2 t1). using the light source having the wavelength A,^, and even in the case where the light source 
having the wavelength X2 is (where X2 ^ X.^), It can also converge a light flux on the information recording plane of 
the second optical information recording medium. Owing to this, the objective lens for use in the optical pickup appara- 
tus for reproducing a DVD and CD-R using two light sources having different wavelengths (coping with the light source 
having the wavelength 610 - 670 nm for a DVD and the light source having the wavelength 780 nm which is essential 

15 to a CD-R) and the objective lens for use in the optical pickup apparatus for reproducing a DVD and a CD with a single 
light source (coping with the light source having the wavelength 610 nm - 670 nm) can be substituted by a single lens 
for common use; hence, it can be actualized to make the cost reduced with larger amount of production. In addition, in 
order to make the lens common, it is necessary that the conditions for NAL and NAH described in the embodiment are 
satisfied also in the case where the wavelength of the light source is changed over from A,-) to Xg. 

20 [0067] Further, in this embodiment, because the first light source 1 1 1 and the second light source 112 are used in 
approximately the same magnification, it is possible to use the single photo-detector 30 for making the structure simple; 
however, it is appropriate to provide two photo-detectors corresponding to the respective light sources 111 and 112, 
and further, the magnification may be different for each. 

25 "ANOTHER EMBODIMENT- 

[0068] In the following, another embodiment will be explained with reference to Fig. 6 showing schematically the opti- 
cal lens 16. Fig. 6(a) is a cross-sectional view of the objective lens 16, and Fig. 6(b) is a front view seen from the light 
source side. This embodiment is a modified example of the objective lens 16 for use in the optical pickup apparatus 

30 noted in the embodiment described in tiie foregoing, and the objective lens 1 6 of this embodiment have its surface fac- 
ing toward the light source divided into five divisional refracting surfaces, while the objective lens 16 noted in the atx)ve- 
described embodiment has its surface facing toward the light source divided into three divisional refracting surfaces. In 
addition, this embodiment is the one having five divisional surfaces, and in other points the lens is the same as that of 
the embodiment described in the foregoing; hence, the explanation will be sometimes omitted. 

35 [0069] In this embodiment, the objective lens 1 6 is a convex lens wherein the refracting surface facing toward the light 
source SI and the refracting surface facing toward the optical disk both have a shape of an aspherical surface and a 
positive refracting power. Further, the refracting surface of the objective lens 16 facing toward the light source Si is 
composed of five divisional surfaces formed by concentric circles, namely, the first divisional surface Sdl - fifth divi- 
sional surface Sd5. that is. to state It generally, it is composed of, in the order of the direction to farther from the optical 

40 axis, the first divisional surface Sdl including the optical axis (in the neighborhood of the optical axis), the second divi- 
sional surface, — , the (2n+l)th divisional surface Sd(2n+1) (where n is a natural number, and n = 2 in this embodiment). 
By providing a step, a difference in surface level, at each of the borders of the divisional surfaces Sdl - Sd5, the respec- 
tive divisional surfaces Sd1 - Sd5 are formed. This objective lens 16 has a structure such that the light flux passing 
through the first divisional surface Sdl including the optical axis (the first light flux) is utilized for the reproduction of the 

45 information recorded in the first optical disk and for the reproduction of the information recorded in the second optical 
disk, the light flux passing through the 2nth divisional surface Sd2n (in this embodiment, tiie second divisional surface 
Sd2 and the fourth divisional surface Sd4) are utilized mainly for the reproduction of the information recorded in the sec- 
ond optical disk, and the light flux passing through the (2n+1)th divisional surfaces Sd(2n+1) (in this embodiment, the 
third divisional surface Sd3 and the fifth divisional surface Sd5) are utilized mainly for the reproduction of the Information 

so recorded in the first optical disk. 

[0070] As mentioned in the above, in this embodiment, by increasing the number of the divisional surfaces, the 2nth 
divisional surfaces can be disposed at the positions of higher NA values; hence, not only the reproduction of the first 
optical disk requiring a high NA. but also the reproduction of, as the second optical disk, an optical disk requiring a 
higher NA in comparison with that In the embodiment described in the foregoing can be performed. On top that, the (2n- 

55 1)th divisional surface (but the first divisional surface is not concerned) can compensate for the lowering of the light 
quantity at the time of reproducing the first optical disk resulted from the 2nth divisional surface being disposed at the 
positions of high N A; thus, not only the first optical disk but also the second optical disk can be reproduced satisfactorily. 
[0071] To state It concretely, regarding the objective lens 16. first, the first aspherical surface of the first refracting sur- 
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face S1 and the second refracting surface S2 (common refracting surface) are designed in such a manner as to make 
it equal to or less than Q.05X^ rms the best wave front aberration of the light flux converged on the first optical disk hav- 
ing the transparent substrate with the thickness t1 . Further, the second aspherical surface of the first retracting surface 
S1 is designed with the second refraction surface S2 (common refracting surface) left as it is in such a manner as to 

5 make the spherical aberration less than the spherical aberration produced when the light flux is converged on the sec- 
ond optical disk having the transparent substrate with the thickness t2 (t2 9t t1 ) through the lens having this first aspher- 
ical surface. At this time, it is favorable to make the paraxial, radius of cun^ature of the second aspherical surface and 
the paraxial radius of curvature of the first aspherical surface the same for the purpose of making a good reproduction 
of the second optical disk which is subjected to reproduction in the defocused state. The second aspherical surface is 

,0 combined between the two positions NAL • NAH which is In the neighborhood of the numerical aperture NA2 of the first 
aspherical surface required for the reproduction of the second optical disk. The lens obtained in this way Is the objective 
lens 16 of this embodiment. 

[0072] Further, it is possible to make it larger the light quantity of the converged light flux at the time of reproducing 
the first optical disk, by utilizing the phase difference produced by combining the first divisional surface and the second 

75 divisional surface, with the second divisional surface Sd2 and the fourth divisional surface Sd4 a little shifted in the 
direction of the optical axis when they are combined. Besides, the second divisional sur^ce Sd2 and the fourth divi- 
sional surface Sd4 are designed to be the same aspherical surface; however, it may be appropriate for these to use dif- 
ferent aspherical surfaces to each other, and the amount of shifts of them may be different to each other. 
[0073] In the above, it is desirable that the neighborhood of the required numerical aperture NA2 where the second 

20 aspherical surface is combined is between the numerical aperture NA3 and the numerical aperture Na4 of the objective 
lens 16 at the optical disk side, which satisfy not only the condition that 0.60(NA2) < 1.3(NA2) (This lower limit 
0-60(NA2) should desirably be 0.80(NA2) in practical use or more desirably 0.85(NA2), and this upper limit 1.3(NA2) 
should desirably be 1.1(NA2) in practical use; further, the upper limit 1.3(NA2) should be 1.1 in the case where the 
wavelength of the light source is 740 nm - 870 nm when the second optical disk information recording medium is sub- 

25 jected to recording or reproduction.) but also the condition that 0.01 < NA4 - NA3 <0.12 (This upper limit 0.12 should 
desirable be 0.1 in practical use.). 

[0074] In this embodiment as described in the above, as in the embodiment described in the foregoing, when a DVD 
as the first optical disk having the transparent substrate with the thickness t1 of 0.6 mm is reproduced, the light flux 
passing through the first divisional surface Sdl, the third divisional surface Sd3, and the fifth divisional surface Sd5 
30 respectively converges on approximately the same positions, one of which is a first image forming position, and the 
wave front aberration (the wave front aberration when the light flux passing through the second divisional surface Sd2 
and the fourth divisional surface Sd4 are excluded) is equal to or less smaller O.OSX-i rms, where A.^ is the wavelength 
of the light source. 

[0075] At this time, the light flux passing through the second divisional surface Sd2 and the fourth divisional surface 
35 Sd4 respectively converges on the second image forming position which is different from the first image forming posi- 
tion. This second image forming position should be at a distance from -40 |im to -4 jim or desirably from -27 jim to -4 
^m from the first image forming position, supposing that the first image forming position is at zero, the objective lens 
side of it is negative, and the reverse side is positive. Further, in this embodiment, because t1 < t2 and NA1 > NA2, the 
second image forming position should be at a distance from -40 ^m to -4 jim or desirably from -27 ^m to -4 jim from the 
40 first image forming position; however, in the case where t1 > t2 and NAI > NA2. the second image forming position 
should be at a distance from 4 ^m to 40 fim or desirably from 4 fxm to 27 ^m from the first Image forming position. That 
is, the absolute value of the distance between the first optical position and the second optical position should fall within 
the range from 4 \xm to 40 ^im or desirably from 4 ^un to 27 jim. 

[0076] Further, to consider this objective lens 16 from the view point of spherical aberration, it has a structure such 
45 that the spherical aberration varies discontinuously at four numerical aperture positions in the neighborhood of the 
numerical aperture NA2. so that a plurality of disks having the transparent substrate which is different in thickness to 
others may be reproduced by a single converging optical system. The spherical aberration varies discontinuously in this 
manner (the direction of varying is the same as that in the embodiment described in the foregoing), and if it is consid- 
ered from the view point of wave front aberration, the wave front aben^ation becomes discontinuous at four positions in 
50 the neighborhood of the numerical aperture NA2. and the inclination of the wave front aberration curve in each of these 
discontinuous portions is different from the inclination of each of the straight lines connecting the end portions of the 
curves at the both sides of each of the discontinuous portions. 

[0077] Regarding the objective lens 16 of this embodiment as described in the above, at the time of reproducing the 
second optical disk (at the time of reproduction through the transparent substrate with the thickness t2). it is desirable 
55 that the condition that the spherical aberration for the range from the numerical aperture NAL to the numerical aperture 
NAH is from -2(X.)/(NA2)2 to 5(X)/(NA2)^ is satisfied (where X in the above is the wavelength of the light source used in 
reproducing the second optical disk). Further, this condition should desirably be such that said spherical aberration is 
equal to or smaller than 3(X)/(NA2)2 jp ^^se of reproduction, and considering the case of recording (reproduction 



13 



3DOCID: <EP_0962921A2J„> 



EP0 962 921 A2 



can also be made, of course), said aberration should desirably be larger than zero. 

[0078] On the other hand, in this embodiment, with regard to the central position of the 2nth divisional surface (the 
second divisional surface Sd2 or the fourth divisional surface sd4) in the direction perpendicular to the optical axis, the 
angle between the normal line to the 2nth divisional surface and the optical axis should be larger than the angle 

5 between the normal line to the surface which is interpolated from the (2n-1)th divisional surface (the first divisional sur- 
face Sd1 or the third divisional surface Sd3) and the (2n+1)th divisional surface (the third divisional surface Sd3 or the 
fifth divisional surface Sd5) and the optical axis. Owing to this, it is possible to reproduce satisfactorily both of the first 
optical disk and the second optical disk. In addition, in this embodiment, because t2 > t1 and NA1 > NA2. the angle 
between the normal line to the 2nth divisional surface and the optical axis should be larger than the angle between the 

10 normal line to the surface interpolated from the (2n-1)th divisional surface and the (2n+1)th divisional surface and the 
optical axis, but in the case where t2 < t1 and NA1 > NA2, it is proper to make it smaller. 

[0079] Further, in this embodiment of the invention, it is desirable that the first divisional surface Sd1 - the (2n+1)th 
divisional surface are determined in a manner such that, with regard to the approximately central position of the 2nth 
divisional surface, namiely the second divisional surface Sd2 or the fourth divisional surface Sd4, in the direction per- 

15 pendicular to the optical axis, the difference between the angle made by the normal line to the 2nth divisional surface 
and the optical axis and the angle made by the normal line to the surfece interpolated from the (2n-1)th divisional sur- 
face and the (2n+1)th divisional surface (an aspherical surface obtained from fitting by least square method using the 
equation (1) of the aspherical surface) and the optical axis falls within the range from 0.02** to 1.0**. 
[0080] Further, if this embodiment of the invention is grasped from another point of view as the embodiment described 

20 in the foregoing, in the objective lens 1 6 having a plurality of divisional surfaces (five divisional surfaces in this embod- 
iment) formed by dividing at least one of its surfaces by concentric circles with regard to the optical axis, on the condition 
that the light which has passed through the (2n-1)th divisional surface which is nearer to the optical axis than the 2nth 
divisional surface (where n is a natural number equal to or larger than one), and the light which has passed through the 
(2n+1)th divisional surface which is positioned at the reverse side of the 2nth divisional surfece against the optical axis 

25 are let to have approximately the same phase through the transparent substrate with the predetermined thickness (the 
first optical disk), and let the phase difference between the light which has passed through the (2n-1)th divisional sur- 
face and the transparent substrate and the light which has passed through the portion of the 2ntfi divisional surface (the 
second divisional surface Sd2 or the fourth divisional surface Sd4. for example) which is to the optical axis side of the 
approximately central position of the 2nth divisional surface in the direction perpendicular to the optical axis be (AnL)7i 

30 ((A1 L)n or (A2L)7i, for example) (rad). and the phase difference between the light which has passed through the (2n+1) 
divisional surface and the transparent substrate and the light which has passed through the portion of the 2nth divi- 
sional surface which is to the reverse side of the above-mentioned central position against the optical axis and the trans- 
parent substrate be (AnH)n ((A1 H)n or (A2H)7c. for example) (rad). then following inequality (AnH) > (AnL) is established. 
In this case, as in the embodiment described in the foregoing, in the case where t1 > t2 and NA1 > NA2, the inequality 

35 (AnH) < (AnL) should be established; accordingly (AnH) ^ (AnL). 

[0081] To state this from another point of view, the difference in surface level of the 2nth divisional surface (the second 
divisional surface Sd2 or the fourth divisional surface Sd4, for example) from the (2n+1)th divisional surface (the third 
divisional surface sd3 or the fifth divisional surface Sd5) is larger than the difference in surface level of the 2nth divi- 
sional surface (the second divisional surface Sd2 or the fourth divisional surface Sd4, for example) from the (2n-1)th 

40 divisional surface (the first divisional surface sdl or the third divisional surface sd3. for example). In the same way as 
the above-described, also in this case, in the case where t1 > t2 and NA1 > NA2, the difference in surface level of the 
2nth divisional surface from the (2n+1 )th divisional surface is smaller than the difference in surface level of the 2nth divi- 
sional surface from the (2n-1)th divisional surface. Further, it is desirable that, the difference between the position of the 
surface interpolated from the (2n-1)th divisional surface and the (2n+1)th divisional surface (for example, the first divi- 

45 sional surface and the third divisional surface, or the third divisional surface and the fifth divisional surface) and the posi- 
tion of the 2nth divisional surface taken at an arbitrary position from the optical axis varies asymmetrically with regard 
to the approximately central position of the 2nth divisional surface. Furthermore, in this case, it is desirable that the dif- 
ference becomes larger with the distance from the optical axis. 

[0082] Besides, in this embodiment, the retracting surface S1 of the objective lens 1 6 is divided into five divisions, but 
so the invention is not confined to this, and it may be appropriate to provide the divisional surfaces on another optical ele- 
ment of the converging optical system (for example, such as a collimator lens), or it is possible to provide a separate 
optical element. 

[0083] Further, in this embodiment, a step portion, that is, a difference in surface level is provided at each of the bor- 
ders of the first divisional surface Sdl - the fifth divisional surface Sd5: however, it is possible to form the divided surface 
55 with at least one of the borders formed continuously without providing the step. In other case, it is possible that the bor- 
der between the divisional surfaces are joined, for example, by a surface with a predetermined radius of curvature with- 
out bending the border surface. This curvature may be the one that is provided intentionally or unintentionally. An 
example of this unintentionally provided curvature is the curvature at the border formed in processing the metallic mold 



14 



JSDOCID: <EP_0962921A2J«> 



EP0 962 921 A2 



for forming the objective lens 16 with a plastic material etc. 

[0084] Further, in this embodiment, on the refracting surface of the objective lens 16 facing toward the light source, 
each of the second divisional surface Sd2 and the fourth divisional surfece Sd4 is provided in a ring shape formed by 
concentric drcles with regard to the optical axis; however, the shape is not limited to a ring, but may be a broken ring. 

5 Further, the second divisional surface Sd2 and/or the fourth divisional surface Sd4 may be made up of a hologram or a 
Fresnel lens. In addition, in the case where the second divisional surface Sd2 is made up of a hologram, one of the light 
flux formed by dividing the original light flux into the zeroth order light and the first order light is utilized for the reproduc- 
tion of the first optical disk and the other is utilized for the reproduction of the second optical disk. At this time, it is desir- 
able that the light quantity of the light flux utilized for the second optical disk Is larger than the light quantity of the light 

10 flux utilized for the reproduction of the first optical disk. 

[0085] Further, in this embodiment, the reproduced signal from the second optical disk is made satisfactory by it that 
not only the condition that, when the first optical disk is reproduced (that is, when the light passes through the transpar- 
ent sutjstrate with the thickness t1), the best wave front aberration by the light flux passing through the first divisional 
surface Sd1 and that passing through the third divisional surface Sd3 is 0.07A.-I rms or desirably 0.05A,-j rms (where 

15 (nm) is the wavelength of the light source used at tiie time of reproducing the first optical disk), but also the condition 
that, when the second optical disk Is reproduced (that is, when the light passes through the transparent substrate with 
the thickness t2). the best wave front aberration by the light flux passing through the first divisional surface Sd1 is 0.07^2 
rms or desirably 0.05;i2 (where X2 (nm) is the wavelength of the light source used at the time of reproducing the 
second optical disk) is satisfied. 

20 [0086] In the embodiments described in detail up to now. the first divisional surface is designed as the one including 
the optical axis; however, because the very narrow surface domain around the optical axis does not affect the converg- 
ing of light so much, it may be allowed that the very narrow surface domain around the optical axis as the above-men- 
tioned that does not affect the converging of light practically Is flat, projected, or concave. The essential point is that a 
divisional surface to be utilized for the reproduction of the second optical disk is provided in the neighborhood of NA2 

25 and the surface domain which is nearer to the optical axis than that (that is. the neighkx^rhood of the optical axis) is 
made to be the first divisional surface. 

[0087] Further, in the explanation given up to now, only tine reproduction of the information recorded in an optical disk 
has been explained; however, the recording of information in an optical disk is quite similar to this from the view point 
that the light spot converged by a converging optical system is importantp and it Is needless to say that the embodiments 
30 described in the above can be used effectively in recording. 

[0088] Besides, according to tiie embodiments desaibed in the atxjve, the effect to improve tiie S-f igure characteristic 
of the focus error signal can be obtaned. 

[0089] In the following, explanation will be given with reference to Fig. 7 concerning it that the phase of the light flux 
is shifted in order to strengthen as much as possible the light intensity of the spot formed on tiie information recording 
35 plane of the optical information recording medium. The explanation given In the following can be applied to the embod- 
iment of the lens having tine tiiree divisional surfaces and also to the embodiment of the lens having tiie five divisional 
surfaces both described in the above. 

[0090] Rg. 7(a) shows a graph for the case where reading or recording of a first optical information recording medium 
is done using a first light source (wavelength A.^), wherein the abscissa indicates tiie distance di* on the optical axis 

40 between tiie point where the second divisional surface of the first aspherical surface of the above-mentioned objective 
lens extended to the optical axis in accordance with the equation of the aspherical surface intersects the optical axis 
and tiie second surface (the surface opposite the first aspherical surface, which may be aspherical or spherical), and 
the ordinate indicates the peak intensity ratio of the beam spot Further. Fig. 7(b) shows a graph for the case where 
reading or recording of a second optical Information recording medium Is done using a second light source (wavelength 

45 X2). wherein the abscissa indicates the distance di* on the optical axis between the point where the second divisional 
surface of the above-mentioned objective lens extended to the optical axis in accordance with the equation off the 
aspherical surface intersects the optical axis and the second surface, and the ordinate Indicates the peak Intensity ratio 
of the beam spot. 

[0091 ] The range of di' where the peak Intensity ratio of the converged light flux on the first information recording plane 
so of the first optical information recording medium, that is. the spot on the first information recording plane, becomes 
equal to or larger than 0.9 is shown by an arrow mark in Fig. 7(a). Further, the range of di' where the peak intensity ratio 
of the converged light flux on the second information recording plane of the second optical information recording 
medium, tfiat is. the spot on the second Information recording plane, becomes equal to or larger than 0.8 is shown by 
an arrow mark In Fig. 7(b). 

55 [0092] By determining dl' to a value in the range of di* where the range of di' to make the peak intensity equal to or 
larger than 0.9 in the graph of Fig. 7(a) and the range of di' to make the peak intensity equal to or larger than 0.8 in the 
graph of Fig. 7(b) overlap each otiier, tiiat is, in the range of dl' where the arrow marks in both Fig. 7(a) and Fig. 7(b) 
overlap, it is possible to form a spot having a strong light intensity on the information recording plane both in case of the 
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first optical information recording plane and in case of the second optical information recording plane. Besides, it is also 
possible to reduce the size of the diameter of the light spot (determined by the position where the intensity becomes e' 
2 with regard to the maximum central intensity). It may be more preferable to determine di* in a range in which a range 
in which the peak intensity ratio becomes larger than 0.95 in the graph of Rg. 7(a) overlaps on a range in which the 
5 peak intensity ratio becomes larger than 0.9 in the graph of Fig. 7(b). That is, it may be preferable that the peak intensity 
ratio becomes larger than 0.95 at the time of the first optical infomriation recording medium and the peak Intensity ratio 
becomes larger than 0.9 at the time of the second optical information recording medium. 

[0093] Further, in order to strengthen as much as possible the light intensity of the spot formed on the information 
recording plane of the optical Information recording medium. It may also be proper that the following equations and ine- 
10 qualities (1 ) - (6) are established: 



75 



20 



Wi - W2 = m;i^ -6 
|m| ^ 10 (m Is an integer including zero) 
0 < 6 < 0.34X 1 
W3 - W4 = mA,2 - 6 
|m| ^ 10 (m is an integer Including zero) 
0 ^ S < 0.34A.2 



(1) . 

(2) . 

(3) , 

(4) . 

(5) . 

(6) . 



where is the amount of the wave front aberration for the border step portion of the larger numerical aperture NA 
25 when the first light flux is used, W2 is the amount of the wave front aberration for the border step portion of the smaller 
numerical aperture NA when the first light flux is used, is the wavelength of the first light flux, W3 is the amount of the 
wave front aberration for the border step portion of the larger numerical aperture NA when the second light flux is used, 
W4 is the amount of the wave front aberration for the border step portion of the larger numerical aperture NA when the 
second light flux is used, and X2 is the wavelength of the first light flux. 
30 [0094] tt is more desirable that the following inequalities (3)* and (6)' are established Instead of the Inequalities (3) and 
(6): 

0^8<0.25>.i (3)\ 
35 0<6<0.25X2 (6)'. 

[0095] Further, it may also be proper that the following inequalities (3)" and (6)" are established instead of the Ine- 
qualities (3)' and (6)*: 

40 0 <6<0.34A.i (3)". 

0 < 6 < 0.34^,2 (6) '. 

[0096] Further, it is desirable that , W2, W3, and W4 are the values of the wave front aberration at the border step 
45 portion produced at the border between the first divisional surface and the second divisional surface; however, they may 
be the values of the wave front aberration at the border step portion produced at the border between the second divi- 
sional surface and the third divisional surface. Fig. 8(a) and Fig. 8(b) are the drawings showing the wave front aberration 
curve in the case where W-, , W2, W3, and W4 are the values of the wave front aberration at the border step portion pro- 
duced at the border between the first divisional surface and the second divisional surface using a wave front aberration 
so graph. 

[0097] Further, it is more desirable that the above-described equations and inequalities are established both in the 
case where , W2, W3, and W4 are the values of the wave front aberration at the border step portion produced at the 
border between the first divisional surface and the second divisional surface and in the case where W^, W2, W3, and 
W4 are the values of the wave front aberration at the border step portion produced at the border between the second 
55 divisional surface and the third divisional surface. 

[0098] To grasp this Invention from the view point of the lens, a lens as described in the following can be employed: 

An objective lens having an aspherical face for use In an optical pickup apparatus comprising: 
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an optical surface having a first divisional surface, a second divisional surface, and a third divisional surface, 
the second divisional surface being farther from the optical axis than the first divisional surface and the third 
divisional surface being farther from the optical axis than the second divisional surface, 
wherein when the objective lens converges a first light flux which passes through the first divisional surface and 

5 a third light flux which passes through the third divisional surface on positions which coincide or approximately 

coincide with each other, one of said positions being a first image forming position, the objective lens con- 
verges a second light flux which passes through the second divisional surface on a second image forming posi- 
tion which is away from the first image forming position by the distance of 4 jim to 40 jirn and is closer to the 
objective lens than the f irst Image forming position, and 

70 wherein 

the distance on the optical axis between the point where the second divisional surface which is extended to the 
optical axis in accordance with the equation of the aspherical surface intersects the optical axis and the second 
surface is determined in order that the peak intensity ratio of the converged first light flux on the first infbrmation 
recording plane of the first optical information recording medium may be equal to or larger than 0.9. and the 
75 peak intensity ratio of the second light flux converged on the second information recording plane of the second 

optical information recording medium may be equal to or larger than 0.8. 

[0099] Further, such a lens as described in the following can be used: 

20 An objective lens having an aspherical face for use in an optical pickup apparatus comprising: 

an optical surface having a first divisional surface, a second divisional surface, and a third divisional surface, 
the second divisional surface being father from the optical axis than the first divisional surface and the third divi- 
sional surface being farther from the optical axis than the second divisional surface, 

25 wherein when the objective lens converges a first light flux which passes through the first divisional surface and 

a third light flux which passes through the third divisional surface on a first Image forming position, the objective 
lens converges a second light flux which passes through the second divisional surface on a second image 
forming position which is closer to the objective lens than the first image forming position, and 
wherein the distance on the optical axis between the point where the second divisional surface which is 

30 extended to the optica! axis in accordance with the equation of the aspherical surface intersects the optical axis 

and the second surface is determined in order that the peak intensity ratio of the converged first light flux on 
the first information recording plane of the first optical information recording medium may be equal to or larger 
than 0.9. and the peak intensity ratio of the second light flux converged on the second information recording 
plane of the second optical infbrmation recording medium may be equal to or larger than 0.8. 

35 

[0100] Of course, it is desirable that this objective lens satisfies the above-described general equations and inequal- 
ities (1) - (8). Further, it is desirable that the lens is made of a plastic material, but it may be made of a glass material. 
Besides, it is also appropriate to accomplish the above-described conditions by providing an optical element other than 
an objective lens as a phase shifting means. 

40 [0101] Furthermore, as an optical information recording medium reproducing or recording apparatus having the 
above-mentioned pickup device built-in, a DVD/CD player, a DVD/CD/CD-R player, a DVD/CD/CD-RW player, a 
DVD/LD player, a DVD/DVD- RAM/CD/CD-R player etc. can be cited. However, it should not be confined to these. Fur- 
ther, these optical information recording medium reproducing or recording cipparatus have a power source, a spindle 
motor etc. in addition to the pickup device. Further, "third optical information recording medium having a third transpar- 

45 ent substrate of thickness t3" recited in claim 6 is an imaginary optical information recording medium and is an expres- 
sion to indicate that light flux passing the second divisional surface is corrected for the aberration within the diffraction 
limit with regard to the thickness between t1 and t2. 

"EXAMPLE OF PRACTICE" 

so 

[0102] Using the pickup as shown in Fig. 1 , the following example of practice was carried out. 
[0103] In the example of practice shown in Fig. 2, the objective lens is an special one, wherein the refracting surface 
S1 is composed of a plurality of ring-shaped zones Sd1 . Sd2. and Sd3 formed by dividing said surface S1 by concentric 
circles; further, with regard to a plurality of light sources having different wavelengths and a plurality of transparent sub- 
55 strates with different thicknesses, the first ring-shaped zone and the third ring-shaped zone among said ring-shaped 
zones are corrected for aberration within diffraction limit for a short wavelength and a thin substrate, and the second 
ring-shaped zone is corrected for aberration within diffraction limit for a long wavelength and a thick substrate or an 
intermediate substrate between a thick one and a thin one. 
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[01 04] An example of practice composed of the first ring-shaped zone at the central portion, the second ring-shaped 
zone being farther from the optical axis than the first one, and the third ring-shaped zone being farthest from the optical 
axis is shown in the following table and the abenation graph of it is shown In Rg. 9. 



wavelength X (nm) 




635 


780 


focal length (mm) 




3.36 


3.39 


required numerical aperture NA 


0.60 


0.45 


surface 


ri 


di 


di' 


ni 


ni' 


1 


2.114 


2.200 




1.5383 


1.5337 


2 


-7,963 


1.757 


1.401 


1.00 


1.00 


3 


00 


0.660 


1.200 


1.58 


1.58 


4 


00 











20 [0105] In the above table. (') is attached to the data in the case of coping with ar CD. 

[0106] Fig. 9(a) shows how the aberration is corrected when the device copes with a DVD; the aberration is corrected 
within diffraction limit except for the second ring-shaped 2one in the neighborhood of NA = 0.45. Fig. 9(b) shows the 
aberration when the device copes with a CD; the first ring and the second ring-shaped zone both form a spot within dif- 
fraction limit on the CD recording plane, owing to the depth of focus for the former, and owing to the spherical aberration 

25 produced for the latter. The aspherical surfece data of the respective ring-shaped zones are as follows: 

ASPHERICAL SURFACE DATA 
second surface (refracting surface) 

30 

first aspherical surface 



[0107] 

35 0 < H < 1 .279 (first ring-shaped zone) 
1.532 < H (third ring-shaped zone) 
K = -0.97700 

Ai =0.63761 X 10*^ Pi = 3.0 
A2 = 0.36688 X 10-^ Pi = 4.0 

40 A3 = 0.8351 1 x 10"^ P-i = 5.0 

A4 = -0.63761 X 10*2 Pi = 6.0 

A5 = 0.63761 X 10-2 Pi = 8.0 
As = -0.63761 X 10"^ Pi = 10,0 



45 second aspherical surface 



[0108] 



1.279 ^ H < 1.532 (second ring-shaped zone) 
so d2= 2.1995 

K = -0.1 1481 xlO 



0.70764 X 10-2 


Pi 


= 3.0 


-0.13388x10-^ 


Pi 


= 4.0 


0.24084 X 10'' 


Pi 


= 5.0 


-0.97636 X 10"2 


Pi 


= 6.0 


0.93136 X 10'2 


Pi 


= 8.0 


-0.68008x10-^ 


Pi 


= 10.0 
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third surface (retracting surlace) 



[0109] 



5 



10 



K = -0.24914 X 10^ 
Ai =0.13775x10-2 
A2 = -0.41269x10-2 
A3 = 0.21236 X lO'"* 
A4 -0.13895 X lO "" 
A5=: 0.16631 xlO-2 
As = -0.12138 x10"2 



Pi = 3.0 
Pi = 4.0 

Pi = 5.0 
Pl =6.0 

Pi = 8.0 
Pl = 10.0 



[01101 The thickness of the objective lens di' indicates the distance on the optical axis between the point where the 
surface of the second ring-shaped zone extended to the optical axis in accordance with the equation of the aspherlcal 

75 surface intersects the optical axis and the third surface. 

[0111] In the drawing, the width of the second ring-shaped zone is made to be from NAL to NAH which is slightly 

larger than the numerical aperture NA2 required for a CD, that is, 1.279 - 1 .532. 

[011 2] Further, the aspherical surface is the one based on the following equation: 

(Please insert here the mathematical expression in [Ml] in the Japanese original with a comma.) 

20 where X is an axis in the direction of the optical axis and H is an axis in the direction perpendicular to the optical axis, 
with the direction of the progressing of light made positive, r is the radius of curvature in the neighborhood of the optical 
axis, K is the cone coefficient. Aj is the aspherical coefficient, and Pj is the number of the power of the aspherical sur- 
face (where Pj > 3). 

[0113] With regard to the wave front by the objective lens corrected in this manner, a difference in the length of the 
25 optical path is produced owing to the spherical aberration and further, owing to tiie discrepancy in position between the 
refracting surfaces. For this reason, the light intensity of the spot is subjected to a strong influence of the phase discrep- 
ancy at the point of convergence among the light flux passing through the respective ring-shaped zones. For example, 
if the phase difference is an integral multiple of the wavelength, the light flux passing tinrough the respective zones are 
strengthened one another, but if it is a half of the wavelength, they are weakened one another. 
30 [01 1 4] The adjustment of the difference in the optical path length is done by selecting di' suitably; in Fig. 1 0, it is shown 
how the peak intensity ratios of the light of wavelength 645 nm and the light of wavelength 780 nm vary with the variation 
of di'. To select di' making the peak intensity high for both of the two wavelengths, or to select di' making the peak inten- 
sity high for one of the both wavelengths and low for the other, can be determined freely 

[0115] Further, in the drawing, the range where di' is from 2.197 to 2.201 is shown; however, from this periodicity, it is 
35 needless to say that the position off the same interference condition as the above can be selected also in the range out 
of that shown in the drawing. Further, it may be preferable to satisfy the following formula: 0 ^ di - di* < 0.003 wherein 
di is a distance on the optical axis between a cross point at which the first divisional surface Intersects with the optical 
axis and the second surlace, and di' is a distance on the optical axis between the second surface and a cross point at 
which a line extended from the second divisional surface in accordance with the shape of an aspheric surface. 
40 [01 1 6] The above-described data and the wave front aberrations in the example of practice shown In Fig. 1 are shown 
in Fig. 1 1 . Fig. 1 1 (a) shows the aberration when the device copes with a DVD. and Fig. 1 1 (b) shows the aberration when 
it copes with a CD. 

[01 17] In Fig. 1 1 (b). the light flux through the first ring-shaped zone has a phase difference of approximately two wave- 
lengths to the light flux through the second ring-shaped zone in tiie case where di' is 2.1979. and it is understood that 

45 the both light flux strengthen each other through interference at the convergence point even though there is a disconti- 
nuity in the aberration curve. The peak intensity ratio is larger than 0.9 for a DVD, and it is larger than 0.8 for a CD. 
[01 18] Further, when the device copes with a DVD, the light flux through the second ring-shaped zone, the light flux 
through the second ring-shaped zone has a large phase difference among the rays within the pencil, the phase differ- 
ence being approximately three wavelengths to contribute to enhance tine peak intensity, although the influence to the 

so spot intensity Is small in comparison witii that in the case where the device copes with a CD. 

[01 1 9] The converging optical system for the optical pickup apparatus of this invention carries out recording and repro- 
ducing with a single converging optical system as described in the above; therefore, it does not raise problems such as 
that the structure of the optical system is complex, that the number of parts used increases witii this, and that the per- 
formance is lowered: thus an optical system of a low cost having a high precision could be obtained. Further, it has 

55 become possible to obtain a spot having a strong light Intensity, and also It has become possible to reduce the size of 
the light spot. 

[0120] Disclosed embodiments can be varied by a skilled person without departing from the spirit of the invention. 
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Claims 

1. An optical pickup apparatus for reproducing information from one of different kinds of optical information recording 
medium, each having a transparent substrate in different thickness, or for recording Information onto one of said 

5 different kinds of optical information recording medium, conprising: 

a first light source for emitting first light flux whose wavelength is X. 1 ; 

a second light source for emitting second light flux whose wavelength is X 2. wherein X 2 is greater than X 1 ; 

10 

a converging optical system comprising an objective lens having an optical axis, an first aspherical surface and 
a second surface, and 

an image sensor, 

15 wherein the first aspherical surface has a first divisional surface, a second divisional surface and a third divi- 

sional surface, the second divisional surface being farther from the optical axis than the first divisional surface, 
the third divisional surface being farther from the optical axis than the second divisional surface, 
wherein the first divisional surface and the third divisional surface are capable of converging the first light flux 
on a first information recording plane of a first optical information recording medium having a first transparent 

20 substrate of thickness t1 so that information recorded in the first optical information recording medium is repro- 

duced or information is recorded in the first optical information recording medium, 

wherein the first divisional surface and the second divisional surface are capable of converging the second light 
flux on a second information recording plane of a second optical information recording medium having a sec- 
ond transparent substrate of thickness t2 so that information recorded in the second optical information record- 
25 ing medium is reproduced or information is recorded in the second optical information recording medium, 

wherein t2 is greater than t1, 

wherein the image sensor is capable of receiving light flux reflected from the first information recording plane 
or the second information recording plane, and 

wherein a distance on the optical axis between the second surface and a crossing point at which a line 
30 extended in accordance with a formula of an aspheric surface from the second divisional surface Intersects 

with the optical axis is determined in such a manner that a peak strength ratio of converged first light flux on 
the first information recording plane of the first optical information recording medium is not less than 0.9 and a 
peak strength ratio of converged second light flux on the second information recording plane of the second 
optical information recording medium is not less than 0.8. 

35 

2. The optical pickup apparatus of claim 1 , wherein the first optical information recording medium and the second opti- 
cal information recording medium are optcal disks. 

3. The optical pickup apparatus of claim 1 , wherein t1 is 0.6 mm and t2 is 1.2 mm. 

40 

4. The optical pickup apparatus of claim 3, wherein a refractive index of the first transparent substrate is 1 .58 and a 
refractive index of the second transparent substrate Is 1 .58. 

5. The optical pickup apparatus of claim 1 , wherein X^ is 61 0 nm to 680 nm and X 2 is 740 nm to 81 0 nm. 

45 

6. The optical pickup apparatus of claim 1 , wherein the second divisional surface is capable of converging the second 
light flux on the third information recording plane of the third optical information recording medium having a third 
transparent substrate of thickness t3 so that wave front aberrations on the third information recording plane is not 
more than 0.07 A. rms, wherein t3 Is greater than t1 and less than t2. 

so 

7. The optical pickup apparatus of claim 1 , wherein the first divisional surface and the third divisional surface are 
capable of converging the first light flux on the first information recording plane of the first optical information record- 
ing medium so that wave front abenrations on the first Information recording plane is not more than 0.07 X Irms. 

55 8. The optical pickup apparatus of claim 1. wherein the first divisional surface is capable of converging the second 
light flux on the second infonmation recording plane of the second optical information recording medium so that 
best-fit wave front aberration on the second information recording plane is not more tiian 0.07 X 2rrr6. 
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9. The optical pickup apparatus of claim 1, wherein when the first divisional surface and the third divisional surface 
converge the first light flux on a first Image forming position, the second divisional surface converges the first light 
flux on a second image forming position which Is different from the first image forming pos'rtion and is closer to the 
converging optical system than the first image forming position. 

5 

10. The optical pickup apparatus of claim 1 , wherein the second divisional surface is in a shape of a ring representing 
a circle concentric with the optical axis. 

1 1 . The optical pickup apparatus of claim 1 , wherein the optical pickup apparatus further comprises a moving member 
70 for moving the objective lens in the direction of the optical axis so that the first divisional surface and the third divi- 
sional surface converge the first light flux on the first information recording plane of the first optical information 
recording medium and that the first divisional surface and the second divisional surface converge the second light 
flux on the second information recording plane of the second optical information recording medium. 

75 12. The optical pickup apparatus of claim 1, wherein the objective lens comprises a step provided on a boundary 
between the first divisional surface and the second divisional surface or between the second divisional surface and 
the third divisional surface. 

13. The optical pickup apparatus of claim 12, wherein further the second surface comprises a step. 

20 

14. The optical pickup apparatus of claim 1 , wherein the first aspherical surface is closer surface to the light source. 

1 5. The optical pickup apparatus of claim 1 . wherein the first aspherical surface is closer surface to the optical informa- 
tion recording medium. 

25 

16. The optical pickup apparatus of claim 12, wherein the second divisional surface of the objective lens is indented 
relative to the first divisional surface of the objective lens. 

17. The optical pickup apparatus of claim 1 , wherein the objective lens comprises a first step provided on a boundary 
30 between the first divisional surface and the second divisional surface and a second step provided on a boundary 

between the second divisional surface and the third divisional surface, and a depth of the second step is greater 
than a depth of the first step. 

18. The optical pickup apparatus of claim 1 . wherein the objective lens further comprises a fourth divisional surface and 
35 a fifth divisional surface, the fourth divisional surface being farther from the optical axis than the third divisional sur- 
face, the fifth divisional surface being farther from the optical axis than the fourth divisional surface. 

19. The optical pickup apparatus of claim 1 , wherein the second divisional surface of the objective lens comprises a 
hologram or a Fresnel lens. 

40 

20. The optical pickup apparatus of claim 1 , wherein the objective lens is made of plastic. 

21 . The optical pickup apparatus of claim 9, wherein a collimated light flux enters the objective lens. 
45 22. The optical pickup apparatus of daim 9. wherein a divergent light flux enters the objective lens. 

23. The optical pickup apparatus of claim 1 . wherein NA2 represents a numerical aperture necessary for reproducing 
information from or recording information in the second optical information recording medium, NAL represents a 
numerical aperture at a boundary between the first divisional surface and the second divisional surface, and the 

so following formula is satisfied: 

0.6(NA2) < NAL < 1.1 (NA2) . 

24. The optical pickup apparatus of claim 1 , wherein NAH represents a numerical aperture at a boundary between the 
55 second divisional surface and the third divisional surface. NAL represents a numerical aperture at a boundary 

between the first divisional surface and the second divisional surface, and the following formula is satisfied: 

0.01 < NAH- NAL < 1.2. 
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25. The optica! pickup apparatus of claim 1 , wherein di represents a distance on the optical axis between the second 
surface and a cross point at which the first divisional surface intersects withe the optical axis and di' represents a 
distance on the optical axis between the second surface and a aoss point at which a line extended from the second 
divisional surface in accordance with the shape of an aspheric surface intersects with the optical axis, and the fol- 

5 lowing formula is satisfied: 

0 ^ di - di* < 0.003 . 

26. An optical pickup apparatus for reproducing information from one of different kinds of optical information recording 
10 medium, each having a transparent substrate in different thickness, or for recording information onto one of said 

different kinds of optical information recording medium, comprising: 

a first light source for emitting first light flux whose wavelength is ^ 1 ; 

75 a second light source for emitting second light flux whose wavelength is X 2, wherein X 2 is greater than X 1 : 

a converging optical system comprising an optical axis, a first portion, a second portion and a third portion, the 
second portion being farther from the optical axis than the first portion, the third portion being farther from the 
optical axis than the second portion, and 

20 

an image sensor, 

wherein the first portion and the third portion are capable of converging the first light flux on a first information 
recording plane of a first optical information recording medium having a first transparent substrate of thickness 
t1 so that Information recorded in the first optical information recording medium be reproduced or information 

25 be recorded in the first optical information recording medium. 

wherein the first portion and the second portion are capable of converging the second light flux on a second 
information recording plane of a second optical information recording medium having a second transparent 
substrate of thickness t2 so that information recorded in the second optical information recording medium is 
reproduced, or information is recorded in the second optical information recording medium, wherein t2 is 

3u. greater than t1, 

wherein the image sensor is capable of receiving light flux reflected from the first information recording plane 
or the second information recording plane, and 

wherein a wave front aberration has a step portion on either a boundary between the first portion and the sec- 
ond portion or a boundary between the second portion and the third portion, the following conditions are sat- 
35 isfied: 

W1 - W2 = m X, 1 - 6 
|m| < 10 (m is an Integer including zero) 

40 

0 ^ 6 < 0.34 X 1 
W3 - W4 = m A. 2 - 6 
45 |m| ^ 10 (m is an integer Including zero) 

0 ^ 6 < 0.34 X 2 

where is an amount of the wave front aberration at a side having a larger numerical aperture NA on 
so the boundary of the step portion when the first light flux is used, W2 is an amount of the wave front aberration 

at a side having a smaller numerical aperture NA on the boundary of the step portion when the first light flux is 
used. is a wavelength of the first light flux, W3 is a amount of the wave front aberration at a side having a 
larger numerical aperture NA on the boundary of the step portion when the second light flux is used, W4 is a 
amount of the wave front aberration at a side having a smaller numerical aperture NA on the boundary of the 
55 step portion when the second light flux is used, and X2 is the wavelength of the second light flux. 

27. The optical pickup apparatus of claim 26. wherein following conditions are satisfied 
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0 < 6 < 0.34 X 1 
0 < 5 < 0.34 k 2 

5 28. The optical pickup apparatus of claim 26, 
wherein following conditions are satisfied 

0 < 6 < 0.25 X 1 

10 0 ^ 6 < 0.25 X 2 

29. The optical pickup apparatus of ciainn 26. wherein the first optical information recording medium and the second 
optical information recording medium are optical disks. 

75 30. The optical pickup apparatus of claim 26, wherein t1 is 0.6 mm and t2 is 1 .2 mm. 

31 . The optical pickup apparatus of claim 30, wherein a refractive index of the first transparent substrate is 1 .58 and a 
refractive Index of the second transparent substrate is 1 .58. 

20 32. The optical pickup apparatus of claim 26, wherein A, 1 is 610 nm to 670 nm and X 2 is 740 nm to 870 nm. 

33. The optical pickup apparatus of claim 26, wherein the second portion is capable of converging the second light flux 
on the third information recording plane of the third optical information recording medium having a third transparent 
substrate of thickness t3 so that wave front aberrations on the third information recording plane is not more than 

25 0.07 X rms. and wherein t3 is greater than t1 and less than t2.. 

34. The optical pickup apparatus of daim 26. wherein the first portion and the third portion are capable of converging 
the first light flux on the first information recording plane of the first optical information recording medium so that 
wave front abenBtions on the first information recording plane is not more than 0.07 X rms. 

30 

35. The optical pickup apparatus of claim 26. wherein the first portion is capable of converging the second light flux on 
• the second information recording plane of the second optical information recording medium, so that best-fit wave 

front aberration on the second information recording plane is not more than 0.07 X rms. 

35 36. The optical pickup apparatus of claim 26, wherein when the first portion and the third portion converges the light 
flux on a first image forming position, the second portion converges the light flux on a second image forming posi- 
tion which is different from the first image forming position and is closer to the converging optical system than the 
first image forming position. 

40 37. The optical pickup apparatus of claim 26, wherein the second portion is in a shape of a ring represerrting a circle 
concentric with the optical axis. 

38. The optical pickup apparatus of claim 26, wherein the converging optical system comprises an objective lens com- 
prising the optical axis, the first portion, the second portion and the third portion. 

45 

39. The optical pickup apparatus of claim 38, wherein the optical pickup apparatus further comprises a moving member 
for moving the objective lens in the direction of the optical axis so that the first portion and the third portion con- 
verges the light flux on the first information recording plane of the first optical information recording medium, 

and that the first portion and the second portion converges the light flux on the second information recording plane 
so of the second optical information recording medium. 

40. The optical pickup apparatus of claim 38. wherein the objective lens comprises a step provided on a boundary 
between the first portion and the second portion or between the second portion and the third portion. 

55 41 . The optical pickup apparatus of claim 40. wherein objective lens comprises a step on both surfaces of the objective 
lens. 

42. The optical pickup apparatus of claim 40, wherein the step is provided on a retracting sur^ce closer to the light 
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source of the objective lens. 

43. The optical pickup apparatus of claim 40. wherein the step is provided on a refracting surface closer to the optical 
information recording medium. 

5 

44. The optical pickup apparatus of claim 38, wherein the second portion of the objective lens is indented relative to 
the first portion of the objective lens. 

45. The optical pickup apparatus of claim 38, wherein the objective lens comprises a first step provided on a boundary 

10 between the first portion and the second portion and a second st^ provided on a boundary between the second 
portion and the third portion, and a depth of the second step is greater than a depth of the first step. 

46. The optical pickup apparatus of claim 38, wherein the objective lens further comprises a fourth portion and a fifth 
portion, the fourth portion being farther from the optical axis than the third portion, the fifth portion being farther 

15 from the optical axis than the fourth portion. 

47. The optical pickup apparatus of claim 38. wherein the second portion of the objective lens comprises a hologram 
or a Fresnel lens. 

20 48. The optical pickup apparatus of claim 38, wherein the objective lens is made of plastic. 

49. The optical pickup apparatus of claim 38, wherein a collimated light flux enters the objective lens. 

50. The optical pickup apparatus of claim 38. wherein a divergent light flux enters the objective lens. 

25 

51. The optical pickup apparatus of claim 26. wherein the converging optical system comprises an optical element 
comprising the optical axis, the first portion, the second portion and the third portion other than the objective lens. 

52. The optical pickup apparatus of claim 26. wherein NA2 r^resents a numerical aperture necessary for reproducing 
30 information from or recording information in the second optical information recording medium. NAL represents a 

numerical aperture at a boundary between the first divisional surface and the second divisional surface, and the 
following formula is satisfied: 

0.6(NA2) <NAL<1.1(NA2), 

35 

53. The optical pickup apparatus of claim 26, wherein NAH represents a numerical aperture at a boundary between 
the second divisional surface and the third divisional surface, NAL represents a numerical aperture at a boundary 
between the first divisional surface and the second divisional surfoce. and the following formula is satisfied: 

40 0.01 < NAH- NAL < 1.2. 

54. The optical pickup apparatus of claim 26, wherein di represents a distance on the optical axis between the second 
surface and a cross point at which the first divisional surface intersects withe the optical axis and di' represents a 
distance on the optical axis between the second surface and a cross point at which a line extended from the second 

45 divisional surface in accordance with the shape of an aspheric surface intersects with the optical axis, and the fol- 
lowing formula is satisfied: 

0 ^ di - di* < 0.003 . 

so 55. An optical information recording medium reproducing or recording apparatus for reproducing information from one 
of different kinds of optical information recording medium, each having a transparent substrate in different thick- 
ness, or for recording information onto one of said different kinds of optical information recording medium, compris- 
ing: an optical pickup apparatus comprising: 

55 a first light source for emitting first light flux whose wavelength is X 1 : 

a second light source for emitting second light flux whose wavelength is X 2, wherein A, 2 is greater than X 1 : 
a converging optical system conrprising an objective lens having an optical axis , an first aspherical surface and 
a second surface, and 
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an image sensor. 

wherein the first aspherical surface has a first divisional surface, a second divisional surface and a third divi- 
sional surface, the second divisional surface being farther from the optical axis than the first divisional surface, 
the third divisional surface being farther from the optical axis than the second divisional surface. 

5 wherein the first divisional surface and the third divisional surface are capable of converging the first light flux 

on a first information recording plane of a first optical information recording medium having a first transparent 
sut>strate of thickness t1 , so that information recorded in the first optical information recording medium be 
reproduced or information be recorded in the first optical information recording medium, 
wherein the first divisional surface and the second divisional surface are capable of converging the second light 

10 flux on a second Information recording plane of a second optical information recording medium having a sec- 

ond transparent subsfa-ate of thickness t2 so that information recorded in the second optical information record- 
ing medium is reproduced, or Information is recorded In the second optical information recording medium, 
wherein t2 is greater than t1. 

wherein the image sensor is capable of receiving light flux reflected from the first Information recording plane 

15 or the second Information recording plane, and 

wherein a distance on tiie optical axis between the second surfeice and a crossing point at which a line 
extended in accordance with a formula of an aspheric surface from the second divisional surface intersects 
with the optical axis is determined in such a manner that a peak strength ratio of converged first light flux on 
the first information recording plane of the first optical information recording medium is not less tiian 0.9 and a 

20 peak strength ratio of converged second light flux on the second information recording plane of tiie second 

optical information recording medium is not less than 0.8. 

56. An optical information recording medium reproducing or recording apparatus for reproducing information from one 
of different kinds of optical information recording medium, each having a transparent substrate in different thick- 
25 ness. or for recording information onto one of said different kinds of optical Information recording medium, compris- 
ing: an optical pickup apparatus comprising: 

a first light source for emitting first light flux whose wavelength is A. 1 ; 

a second light source for emitting second light flux whose wavelength is X 2. wherein X 2 is greater than X 1 ; 
30 a converging optical system comprising an optical axis, 

a first portion, a second portion and a third portion, tiie second portion being farther from the optical axis than 
tiie first portion, the third portion being farther from tiie optical axis than the second portion, and 
an image sensor, 

wherein the first portion and the third portion are capable of converging the first light flux on a first information 
35 recording plane of a first optical information recording medium having a first transparent substrate of thickness 

t1 . so that information recorded in the first optical information recording medium be reproduced or information 
be recorded in the first optical information recording medium. 

wherein the first portion and the second portion are capable of converging the second light flux on a second 
information recording plane of a second optical information recording medium having a second transparent 
40 sub)strate of thickness t2 so that information recorded in the second optical information recording medium is 

reproduced, or information is recorded in the second optical information recording medium, wherein t2 is 
greater than t1, 

wherein the image sensor is capable of receiving light flux reflected from the first information recording plane 
or the second information recording plane, and 
45 wherein a wave front aberration has a step portion on a boundary between the first portion and the second por- 

tion, the following conditions are satisfied: 

W1 - W2 = m X 1 - S 

50 |m| ^ 10 (m Is an integer including zero) 

0 ^ 5 < 0-34 X 1 

W3 - W4 = m X 2 - 6 

55 

|m| < 10 (m is an integer including zero) 
0 ^ 5 < 0.34 X 2 
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where is an amount of the wave front aberration at a side having a larger numerical aperture NA on 
the boundary of the step portion when the first light flux is used, W2 is an amount of the wave front aberration 
at a side having a smaller numerical aperture NA on the boundary of the step portion when the first light flux is 
used. A,i is a wavelength of the first light flux, W3 is a amount of the wave front aberration at a side having a 
5 larger numerical aperture NA on the boundary of the step portion when the second light flux is used, W4 is a 

amount of the wave front aberration at a side having a smaller numerical aperture NA on the boundary of the 
step portion when the second light flux Is used, and X2 is the wavelength of the second light flux. 

57. A converging optical system for an optical pickup for recording in and reproducing from at least two kinds of optical 
10 Information recording mecfia which are different from each other in thickness of a transparent substrate, comprising: 

two laser light sources differing in wavelength; 

a converging optical system including an objective lens for converging the laser beams from the light sources; 
and 

75 a photo-sensing element for detecting the light reflected from the recording plane. 

the optical system comprising means for dividing light flux of the converging optical system into three light flux 
on ring-shaped zones from a neighborhood of an optical axis toward outside, the three light flux named as first, 
second, and the third light flux from the neighborhood of the optical axis to the outside, wherein the first light 
flux is used for all of the recording media with the different thicknesses of the transparent substrate, the second 

20 light flux is used mainly for the recording media with a thick transparent substrate, and the third light flux is 

mainly for the recording media with a thin transparent substrate, 

wherein at least one of the three light flux has its phase shifted against other light flux so that a light spot inten- 
sity is raised for the two recording media which are different In the wavelength and the thickness. 

25 58. A converging optical system for an optical pickup of claim 57. wherein the objective lens is provided with a plurality 
of ring-shaped zones divisional into concentric circles, each of the ring-shaped zones is corrected with regard to a 
plurality of light sources having different wavelengths and the transparent substrates with a different thicknesses 
such that the first and the third ring-shaped zones are corrected for aberration within diffraction limit for the short 
wavelength and the thin substrate and the second ring-shaped zone is corrected for aben^ation within diffraction 

30 limit for the long wavelength and the thick substrate or a substrate with the thickness between the thick and thin 
substrate and wherein in the generation of the phase shift, a predetermined phase shift is caused for each light flux 
by adjusting a position of a refracting surfece of each ring-shaped zone on the optical axis relatively to the oth^ 
ring-shaped zones. 
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FIG. 2(a) 
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FIG. 3 
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FIG. 4(a) 
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FIG. 5 (a) 
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FIG. 6(a) 
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FIG. 8(a) 
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FIG. 9(a) FIG. 9(b) 
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FIG. 10(a) 
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FIG. 11(a) 
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